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Part 1.] General Report for 1907. 3 

INTRODUCTION. 

rilHIS Report records the operations conducted by the Geological 
J- Survey of India during the calendar year 1907, and briefly 

reviews the principal results ol)tained by the officers’ researches; 
but these arc more fully described in separate papers published 
in the Record!^ and Mewoirs A special statement is published 
in this Part of the Records siiinnuirising tlte returns for Mineral 
Production during 1907, while a list is appended of the concessions 
granted for prospecting and mining in lands of which the mineral 
rights are held by the Government of India. There has been .satis* 
fac/t(^ry progress in j»roduGtion and ari extraordinary increase in 
the activity of prospectors, mainly inspired by the phenomenal 
success of those wlio were already prepared to meet the increased 
demand for niangauese-orc and coal. This increase in prospecting 
has thrown additional work on tlie staff at headquarters, where 
enquiries for information during 1907 far outnumbered thofec that 
were felt to be a serious tax on the officers’ time during previous 
years. Among the ofliccTS who shared this work, the most con¬ 
siderable burden fell on Mr. C. »S. Middlemiss, who was in charge 
of the office routine ilutios from March till the. end of the year. 

2, 'ITie statement of Mineral Production now published is the 
fourth issued sioco the publication of the Review for 1898—1903^. 
The next statement will form part of the Quinquennial Review 
for the period 1004—08. 

1 Records, Oeol. iiurv, Ind., XXXII, Part I. 

b2 
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DISPOSITION LIST. 

3. During the period under report the officers of the Depart¬ 

ment were employed as follows ;— 

Super in iendents. 

Mr. T. IL D. LaTouche. Kotumed from Burma on the 27th 

May 1007. Granted 3 months’ pri¬ 

vilege leave and in continuation special 

leave for 3 months with effect from 

the r>tli July 1007, 

Mr. C. S. Mtddlemiss. At headquarters from the 1st March 

1007, in charge of office and ])reparing 

memoir on the. Kangra earthquake. 

Mr. H. II. Hayden. At ]K‘a(l(]nartcrs in charge of office 

up to the 28th February 1907. Ser¬ 

vices plac eil at the disposal of the 

Foreign Ollice with effect from the 

afternoon of the 28th February 1007. 

Assistant Superintendenis, 

Mr. P. N. Datta. Returned from the Central Provinces 

on the 2nd A]>ril 1007, and deputed 

to the 8ain(‘ area for continuation 

of the Geological Survey of the Chan¬ 

da and Raipur districts on the ISth 

November 1007. 

Mr. E. Vredenburg. At head(|uartcrM as Pala)ontologist up 

to the 1 Itli April 1007. (Granted 

3 mouths’ privilege leave with effect 

from the Ibth Ai)rii 1007. Returned 

from leave and resumed the duties 

of Paheoniologist with effect from 

the 8th July 1007. 

Mr. L. L. Fermor. At headquarters as Curator up to the 

23rd August 1007. Deputed to con¬ 

tinue tl)e nuwiganeso investigation and 

left for the field on tlie 23rd August 

1007. 

Returned from leave; on the 20th 

July 1007. Deputed to^tho Bugti 

Mr. G. E. Pilgrim. 
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Hills, Baluchistan, on the 17th Nov- 

eni])er 1907. 

Returned from the North-West Fron¬ 

tier Province on the 28th April 1907. 

A}jpointed Officiating Palaiontologist 

from ir)th April 1907 to the 7th 

July 1907. Oranted 3 months’ pri¬ 

vilege leave and in continuation 9 

months’ study leave with effect from 

the 19th July 1007. 
1/ 

Returned to headquarters from the 

field oji the ‘JOtli April 1907. Ap¬ 

pointed ('urator on tlie 21t]i August 

1907. 

Returned from Burma on the 27th 

May 1907. Re-posted to Burma in 

connection with the petroleum in¬ 

dustry, and left for the field on the 

loth November 1907. 
Mk. K. A. K. HxVllowes. Returned to headquarters from the 

Singh bhum district on the 1st .'lune 

1907. Deputed to the Singhbliurn 

district for the continued e.vamination 

of the co])pcr-bearing belt on the 

30th November 1907. 

Mr. G. dk P, Cotter. Returned from Burma on the 2Gth 

May 1907. Rc-posted to Burma in 

connection with the petroleum in¬ 

dustry, and left for the field on 

the loth November 1907. 

Mr. J. Coggin Brown, Returned to headquarters from Burma 

on the 27tli May 1907. Deputed 

to Yunnan and loft lor the field on the 

12th Novemhei 1907. 

Mr. J. J. A. Page. Deputed to make a survey of the tin- 

ore de}JOsits in Southern Burma on 

the 1st Februarv 1907. Returned to 
¥ 

head (piarters from 13urnia on the :i0th 

May 1907. Re-posted to Soulli 

Burma to continue his investigations 

Mr. G. H. Tipper. 

Mr. H. Walker. 

Mr. E. H. Pascoe. 
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of the tin deposits, and left head¬ 

quarters on the 6th August 1907. 

Deputed to Nollore, Madras, on the 

ir>th January 1907. Returned to head¬ 

quarters on the 15th March 1907. 

Posted to the Central India party, 

and left for the field on the 7th Nov¬ 

ember 1907. 

Posted to thf^ Central India party, 

and left for the field on the 16th 

-laTiuary J!)07, returned to headquar¬ 

ters on the .‘10th April 1907. Re¬ 

posted to Central India for continua¬ 

tion of the previous seasons’ work 

on the 7th November 1907. 

Joined the Department on the 1st 

December 1907. 

Joined tlie Department on the 4th 

December 1907. 

CheAuist, 

Db. W. a, K. Christie. At headquarters throughout the period 

under report. 

Suh~A ssistanLs. 

S. Sethu Rama Rau. Returned to Jieadquartcrs from the 
field on the ilth May 1907. Post¬ 

ed to Mr. Pascoc’s party in Burma, 

and loft for the field on the 10th 

November 1907. 

M. ViNAYAK Rao. Accoiupanied Mr. .Jones to Nellore, 

Madras, and left for the field on the 

15th January 1907, returned to head¬ 

quarters on the 15th March 1907. 

Posted to Mr. Pilgrim’s party in 

the Bugti Hills and left for the field 

on the 15th November 1907. 

Assistant Curator. 

On duty at headquarters throughout 

the period under report. 

Mb. H. C. Jones. 

Mr. a. M. Heron, 

Mr. M. Stuart. 

Mr. N. D. Daru. 

Mb. T. R. Blyth. 
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ADMINISTBATIVS CHANaSS. 

Appoiiitnients. 

Promotions, 

4. The following officert joined the Department during the 

period under report :— 

Mr. M. Stuart, B.Sc. (Birmingham), F.G.S., joined on the lat 

IVew officers. December 1907. 
Mr. N. D. Daru, B.Sc., B.A. (Bom.), B.Sc. (London), A.R.S.M., 

Bar.-at-Law', joined on the 4th December 1907. 

Mr. H. Walbleb waa appointed Curator 

with effect from the 24th August 1007. 

Mr. G, H. Tipper was appointed Officiating Palseontologist 

from the 15th April 1007 to the 7th July 1907, vice Mr. E. Vre- 

denburg on privilege leave. 

Mr. E, H. Pascoe was specially promoted to the grade of As¬ 

sistant Superintendent on Rs. 500-50-1,000, 

with effect from the date of his confir¬ 
mation. 

Mr. P. N. Datta, Assistant Superintendent, Geological Survey 

of India, was appointed to officiate as Superintendent, with effect 

from the 1st March 1907, vice Mr. II. H. Hayden, whose services 

have been placed at the disposal of the Foreign Department. ' 

Mr. E. Vredenburg, Assistant Superintendent, Geological Survey of 

India, was appointed to officiate ap Superintendent with effect from the 

5th July 1907, vice Mr. T. H. D. LaTouchc, on combined leave. 

The following officers were confirmed in their appointments 

as Officers of the Geological Survey De- 

Coiifirmatioiis, l»artment: 
Mr. E. H. Pascoe. 

Mr. G. de P. Cotter, 

Mr. J. C. Brown. 

Mr. T. H. D. LaToucHE was granted 3 months’ privilege leave 

Leave combined with 3 months’ special leave 

with effect from the 5th July 1907. 

Mr. E. Vredenburg was granted 3 months’ privilege leave with 

effect from the 15th April 1907. 

INIr. G. H. Tipper was granted 3 months’ privilege leave and in con¬ 

tinuation study leave for 9 months with effect from the 10th July 1907. 

Mr. H. B. W. Garrick waa granted 2 months and 13 days’ 

privilege leave. Extended on medical certificate 6 months with 

effect from the 29th July 1907. 
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5. Two of the oflScers took advantage of the new rules providing 
for extra furlough to study in 

Study Leave. Europe. Mr. G. E. Pilgrim completed 

on July 18th a course of training in Palscontology at the Cambridge 
University under Mr. H. Woods and at the British Museum under 
Dr. C. W. Andrews, A portion of the research work done during 
this leave, being a study of some new Smdm from Baluchistan, 
has already been published in Recordsy Vol. XXXVI, Part 1 ; the 
remainder will be included in a memoir on the Persian Gulf now 
in the press. 

Mr. G. H. Tipper took combined privilege and study leave 
from the ll)th July, and entered for a course of training also in 
Palaeontology at Cambridge. Mr. Tipper has undertaken, as a part 
of his work, a study of the Liassic. fossils of Baluchistan. 

0. The scheme, first outlined i?i the General Report for 11)03-04,^ 
for training post-graduate students in 

Research Students practical Geology and Mineralogy, has 
and Apprentices. been continued with very satisfac¬ 

tory results. Two students were 
V 

under training during 1907, one liolding a scholarship from the 
Bengal Government, and the other being granted a scholarship by 
the Central Provinces Administration. After traiTiiiig in the 
Laboratory and Museum in determinative work, botli studoijts were 
deputed to accompany Mr. Eermor on field duty in tJie Central 
Provinces and Chota Nagpur. For some years the Professorship 
of Geology in the Presidency College lias been held by a Geological 
Survey Officer, and until recently the work has been no more than 
could be undertaken by the officer in charge of the office routine 
duties at headquarters ; but the geological classes have now grown 
considerably, students are tuniing to geological subjects for a pro¬ 
fessional career, and these, with the aj)pronticcs sent from the 
Provinces and States, deserve the full attention of a S2)ccial officer. 
It is proposed, therefore, as soon as sufficient accommodation can 
be obtained in the office, to place the educational aspect of the 
Geological Survey work on a systematic basis, in order that a 
recognised course of training may carry with it, for the worthy 
student, a diploma of competency. On account of the limited and 
imperfect arrangements for geological teaching under most of the 
Indian Universities, we have been compelled hitherto to accept 

' Ikcor'lif.^Gtvl. >S'ari\ Ind.. Pt. 2. p. J33. 
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graduates in science who have had little or no grounding in geo¬ 

logical principles; and, for this reason, it has been considered ad¬ 

visable so far not to make the post-graduate training on the Geo¬ 

logical Survey a formal course. But it should now be possible 

to obtain graduates able to make profitable use of the large col¬ 

lections in the Museum and Library at headquarters, which are 

exceptionally well equipped for the requirements of the research 

student. 

T. W. II. llii!»hes-1907. 

Obituary. 
7. I have regretfully to record the deaths of two distinguished 

retired members of the Department—Mr. T. W. IIughes-Hughcs and 

Mr. C. L. Griesbach, C.J.E. 

Mr, Hughes joined the Geological Survey in 1862, and was 

on the roll of oflicors for Ii2 years. Among the list of 44 memoirs 

and papers published during his service 

the most prominent are his reports 

on the Peninsular coalfields. His memoirs and maps of Jherria, 

Bokaro, Karharbari, Dcoghar, Karanpura, Itkuri, Daltonganj and 

the Wardha valley fields have been superseded by subsequent work 

only in additional del ail, made possible by later exploitation and 

mining. In 1884 and 1885 his services were transferred %to the 

Public Works Department to superintend the collieries at Warora 

and Umaria; afterwards his services w(?re lent to the Hyderabad 

(Deccan) Company, and still later he sujjerintended the tin-pros¬ 

pecting operations in South Burma. In 1892 he acted as Director 

during Dr. King’s abstmee on leave, and it was during the following 

season, while on duty in Central India, that the lamentable acci¬ 

dent occurred, which left liim blind for the rest of his life. 

8. Mr. C. L, Griesbach joined the Survey in 1878, and his 

, .. first two seasons of field-w6rk were oc- 
C. li. GnosUach—1007. . ,, 

cnpiod m mapping tlie liamlcola and 

Tatapani coalfields in the Sone basin ; for this work he was selected on 

account of his previous experience on the (?ondwana (Karroo) formations 

of South Africa. In the following hot weather, however, he was sent to 

the Central Himalayas of Kumaoii and ITundes, and then commenced 

the survey of the remarkable series of fossiliferous strata lying to the 

north of the central crystalline axis of the Himalayan range, which has 

since proved to be of such remarkable interest to geological science. 

In 1880 Mr. Griesbach accompanied the Afghan Expedition, and, in 

addition to geological work on previously unknown ground, his 

military work was specially mentioned in the despatches. 
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The Himalayan work, continued through 1881-83, was interrupt¬ 

ed in 1884 by Mr. Griesbach’s deputation as geologist to the 

Afghan Boundary Commission, from which he returned in 1886. 

During 1888 and 1889 he was again in Afghanistan as geologist to 

the Amir, His observations on the new areas explored during these 

expeditions were published as a series of papers in the Records. 

Mr. Griesbach was pre-eminently a field geologist, especially suited 

to frontier work by his physical activity^ his linguistic ability, 

and his remarkable proficiency with the pencil. The section of 

his Indian work of greatest value to science was perhaps the Cen¬ 

tral Himalayan survey. The sununary of his observations published 

in 1891 {Mvm. GeoL Surv. Ind., Vol. XXIIl), instead of closing 

the questions treated, became the starting point ot further 

research by himself and subsequently, when Director of the Depart¬ 

ment, by colleagues in India and friendly coadjutors in Europe. 

Every Annual Keport issued since Griesbach’s last expedition 

to the Central Himalayas records contributions to the problems 

of this remarkable region. Glimpses of the gi-eat palaeontological 

museum beyond the snowy ranges were obtained more than fifty 

years ago through the explorations of Sir Richard Strachey and 

other travellers ; a certain amount of geological order was revealed 

by Ferdinand Stoliezka in ISfio ; but the researches carried out 

and organised by Griesbach, besides adding a mass of valuable 

structural and pala3ontological details to the sum of geological 

science, opened a new book in palieogeography, which has been 

developed so greatly by the distinguished Austrian Geologist, Pro¬ 

fessor E, Suess. 

The work done by Hayden and others in recent years in Kash¬ 

mir, the Central Himalayas and Eastern Tibet have given data 

for fixing the northern shore of the ancient continent of Gondwana 

land; but it was Griesbach’s work that gave the first reliable 

data concerning this southern shore of the great Eurasian ocean, 

which occupied for many geological periods tlie area to the north 

of the line now marked by the Himalayan range of crystalline 

snow-covered peaks. More recent researches have modified many 

of the conclusions stated in Griesbach’s Central Himalayan memoir, 

but recently developed ideas have largely grown out of the sug¬ 

gestive nature of his work, and no one more completely recognised 

the magnitude of the new geological world in which his memoir 

became the guide-book for subsequent workers. 
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PUBLICATIONS. 

9. The following parts of the Record.^ were published during 

the year, containing the following papers 

and notes; — 
Records. 

VOLUME XXXV. 

(xcneral Report of the (Tcological Survey of India for the year 

1906, by T. H. Holland, F.R.S. 

Note on the Distribution of tlio (icnera OrihopJiraqmina and 

Lepidocyclina in the Nunimulitic Series of the Indian Empire, by 

E. W. Vredenburg, A.R.S.M., 4.R.C.S. 

Note on the Meteoric Shower of the 22nd October 1903 at 

Dobachi and neighbourhood, Dacca District, Bengal, by L. L. Fer- 

mor, A.R.S.M., B.Sc,, F.G.S. 

Notes on some Indian Aerolites, by L. Jj. Fernior, A.R.S.M., 

B.Sc., F.G.S. 

Note on the Brine-well at Bawgyo, Northern Shan Stated, by 

T. D. LaTouche, B.A., F.G.S. 

Report on the Gold-bearing Deposits of Loi Twang, Shan States, 

Burma, by T. D. LaTouche, B.A., F.G.S. 

Note on the occurrence of Ph/jsa Prinyepii in the Maestrichtian 

strata of Baluchistan, by E. W. Vredenburg, A.R.S.M., A.R.C.S. 

A Preliminary Survey of certain Glaciers in the North-West 

Himalaya, by Officers of the Geological Survey of India. 

Notes on certain Glaciers in Nortli-West Kashmir, by H. H. 

Hayden, B.A., B.E., F.G.S. 

A Preliminary Survey of certain Glaciers in the North-West 

Himalaya, by Officers of the Geological Survey of India (continued). 

Notes on certain Glaciers in Lahaul, by H. Walker, A.R.C.S., 

F. G.S., and E. H. Pascoe, M.A., B.Sc. 

Notes on certain Glaciers in Kumaon, byG. de P. Cotter, B.A., 

F.G.S., and J. Coggin Brown, B.Sc., F.G.S. 

Miscellaneous notes on :—Cardita Beauinonii in the Burma axial 

group. Miocene fossils in the Yenangyaung oil-field. Boselapkus 

NaYmdicus in the Narbada Pleistocene. Index to Volume XXXV. 
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VOLUME XXXVL 

Petrological Study of some Rocks from the Hill Tracts, Vizaga- 

patam district, Madras Presidency, by T. L. Walker, M.A., Ph.D., 

and W. H. Collins. 

Nopliolino Syenites from the Hill Tracts of Vizagapatam district, 

Madras Presidency, by T, L. AYalkcr, M.A., Pli.D. 

The Stcatigraphical Position of the Gangamopteris-Beds of Kash¬ 

mir, by IT. H. Hayden, B.A., K.G.S. 

On a Volcanic Outburst of J^ate Tertiary Age in South Hsenwi, 

N. Shan States, by T. H. D. LaTouche, B.A., F.G.S. 

Description of some new S}n(l(X’ from the Bugti Hills, Baluchis¬ 

tan, bv (tuv E. Pilgrim, B.Sc., F.G.S. 

Pernio-Carboniferous Plants from Kaslimir, by A. C. Seward, F.R.S. 

The Mineral Production of India during DOG, liy T. 11. Holland, F.R.S. 

The Ammonites of the Bogli Beds, by E. W. Vredenburg, 

A.R.S.M., A.R.C.S., F.G.S. 

Miscellaneous Notes on:—A Bituminous Limestone from the 

Vindhyun Scries, J(>dh[>iir State. Wavcllile from tlie Singlibhum 

district, Bengal. CV.ruudiim from the Singhbhuin district, Bengal. 

Apatite-inagnetite-rock from the Singhbhum dislrict. Bengal. Note 

on the Occurrence of Orpiment on the Shankalpa Glacier, Kumaoii. 

Note on tlic Tatkan area: blocks 21—2G: N. yenangyaung. Fos¬ 

sils fr(»m the Miocene of Burma. Some Triassic Ariinioiiites from 

Baluchistan. 

Memoirs. 
The following Memoirs were published 

during the year ;— 

The Geology of the Provinces of Tsang and U. in Central Tibet, 

by H. IT. Hayden, B.A., B.E,, F.G.S. 

ITu* Fauna of the Himalayan Muschelkalk, by Professor Carl Diener, 

Ph.D., Palwontohgia DriZ/oa, Series XV, Volume V, Memoir No. 2. 

LIBRARY. 

10. The additions to the Library during the period 1st January 

1907 to .‘list December DOT, amounted to 3,140 volumes. Of 

the books received this year 1,027 were acquired by purchase and 

2,113 by presentation. 
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MUSEUM AND LABORATORY. 

13 

DeterminatiAT aiul 
Cluuuical Mork. 

11. On the 24th August 1907 Mr. H. Walker was appointed 

^ . Curator of the Museum and Laboratory 

' ‘ * in the place of Mr. L. L. Fermor, who 

had carried on the duties with conspicuous efiiciency since the 

8th March 1905. 

12. During the year there was a groat increase in the number 

of specimens, samples of minerals, ores 

and rocks referred to the ("urator for 

determination, by cxtra-def)artmcntal 

officials and the general public. The number of s))ecimens examined 

was 1,002, compared witli 78() in 1000, and 782 in J005. Out of this 

number 45 assays and analyses were made. 

In addition to the above, estimationa of the amount of silt 

and total salts were made in 142 samples of Indus river water. 

These samples were collected by Sub-Assistant JT. M. Ry. Vinayak 

Rao from stations at Sukkur and Kotri, and are those which it 

was not possible to determine during the year 1900. In completion 

of the above enquiry. Dr. Christie has carried out investigations 

of average samples of the water and silt. 

Work in the laboratory was greatly hampered during the' year 

by the necessity for making various structural alterations. 

13. One Indian meteorite was recorded during the year as having 

„ fallen oti May 9th, 1907, in the Ghazipur 
Meteorjies. v , • 4 c i id • rm district or the Cmled rrovinces. I he 

pieces obtained are dark-grey in colour, very chondritic, and arc 

so friable that all have c.rumlded slightly during transmission to 

the Museum. Only one piece shows the fused crust. The Col¬ 

lector of Ghazipur sent three sjX'cimens of a total weiglit of 2,324 

grammes. Two other ])ieces weigliing res]»ecti\ ely 1,007 and 5,372 gram¬ 

mes were kindly jiresenUnl l)y Miss Stunner of Kajha. The total 

weight of the fall wliich has so far come* t(» hand is 7,705 grammes. 

There is considerable variety in tle^ lo(.*aUiioa recorded, due 

possibly to the scattering of fragments after explosion, but the 

nearest important village Chainptir is taken as the name of the 

fall. 

Two pieces of another stony meteorite, belonging to a fall dated 

December 15th, DOG, near Vishnupitry Bankura district, Bengal, 

have been presented to the Museum by Dr. G. T. Walker, F.R.S., 

Director-General of Observatories, 
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One piece, which fell at Khiraibani, weighs 670 grammes, and the 

other obtained from the village of Rarasagar weighs 1,767 grammes. 
The Museum Collection of Meteoric Irons has been increased 

by the donation of pieces from 10 falls by the late Professor H. A. 
Ward of Chicago. The falls represented are— 

1. —Descubridora (Catorce), Mexico; 

2. —Veramin (Karand), Persia ; 

3. —Casa Grande, Mexico ; 

4. —Chupaderos, Mexico ; 

5. —Central Missouri, U. 8, A, ; 

6. —Rancho de la Pila, Mexico ; 

7. —El Ranrhito (Ranchito), Mexico; 

8. —Cuernavaca, Mexico ; 

9. —Mount Jay, IJ. S. A. ; 

10.—Reed City, Michigan. 

Plaster casts of the Kalambi and Bliagur Meteorites have been 

obtained frojn the originals, by the courtesy of the Bombay Branch 

of the Royal Asiatic Society. These two fulls are represented in 

the Museum Collection by small fragments. 

A piece of the Mulcerop (S. Africa) fall has been obtained by 

exchange. 

The number of meteoric falls now represented in tlie Collection 

has reached a total of 407, divided into 159 siderites (with sidero- 

lites) and 247 aerolites ; of these 2 and 70 respectively are from Indian 

falls. 
14. Considerable progress has been made in the Museum in re- 

Museum placing the old hand-written labels of the 
rock-collecliouH by printoil labels mounted 
in suitable holders. 

Among the donations to the Museum the following are of special 

interest:— 

1. — Copper-ores from Portuguese East Africa; Galena and Angle- 
site from N. W. Rhodesia, by D. Crisp, Esq. 

2. —Chalybite, mammillated Pyrite, Ohalcopyrite and Micaceous 
Hematite from the Gomor and Zips districts of Hungary, 
by M. Koschik, Esq. 

3. —^Manganite and Pyrolusite from Ramandrug, by H, H. Herk- 
lots, Esq. 

4. —Six specimens of Bauxites from Modb, Bikanir State, by 
J. W. Jervis, Esq. 
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5. —A small Diamond crystal from Anantapur district, by A* 
Ghose, Esq. 

6. —^Magnetite containing molybdenum from Palamau, by R, D. 
Coggan, Esq. 

7. —Amblygomite from the CAeris Estramiidura deposits of Spain, 
by P. C. Dutt, Esq. 

8.1—Wolframite from Agargaon, Central Provinces, by J. Kel- 

lerschoi). Esq. 

0.—Manganese ores from the Kumsi Mine, Shimoga, by Claude 

Fawcett, Esq. 

10. —Crystalline manganite from Gow^ri Warhona, by J. A. Crut- 
chett, Esq. 

11. —Chromite from M3’sore, by A. C, Blech yiiden, Esq. 

12. —Manganese-ore from the Kadnr and Shimoga districts, 

M5^sore, by Miss A E. Dawson. 

15. The following is a list of mineral species which, through 

exchange, have been added to the Museum Collection in the course 
of the year :— 

1. —Dys<analyte. Magnet Cove Arkansas, U, S. A. 

2. —-Giimmite, Mitchell Co., N. Carolina. 

3. —Tscheffkinite, Virginia. 

4. — Samarakite, Spruce Pine, N. Carolina. 

5. —Bixlyite, Thomas Mts., Utah. 

G.—Monazitc Sand, Bahir, Brazil. 

7—Dufrenoysite 

8. —Rathite 

9. —Baumhaiierite 

10. —Seligmannite 

11. —Tennantite (Binnite) 

1. 

Binnenthal, Switzerland. 

% 

Accii. 

Public 1 ibrery^ 
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MINEBALOaY. 

16. During the course of his exhaustive study of the manganese- 
ore deposits of India, which will shortly 

press, Mr. L. L. lermor has made special 

studies of certain new minerals that have been discovered. In studying 

the constitution and relations of the ill-defined species psilomelane, he 

concludes that there is now enough material to distinguish as a special 

family the manganatea of barium, lead and other bases, corresponding 

to the hypothetical acid TI4 Mn Orj. In this family occur, besides 

the amorphous 'psilo)nclan€, tlic fibrous lead-manganatc described 

by W. Lindgren and W. F. Hillebrandin 1904* as coronadite^ md 

the barium-iron manganate, hollandite^ originally found a^^ Kaj li- 

dongri, Central India, and afterwards obtained at various localities 

in the Central Provinces and largely worked at Sitapar, Chhind- 

wara district, for export as an ore of manganese. The chemical 

constitution of these mineials is discussed in a special paper pub¬ 

lished in Records, Vol. XXXVl, Part 4. 

PETEOLOGY. 

17. An interesting investigation of the valuable jadeite-deposits 

Jadeite deposits, 
IHyitkyina district^ 

in the Myitkyina district, Upper Burma, 

was undertaken, at my suggestion, by 

Dr. A. W. G. Bleeck. 

The full results are published as a separate paper in volume 

XXXVI of the Records. Dr. Bleeck examined the jadeite occur¬ 

rences at three localities in the Kacliin hills, namely, Tawmaw, 

Hweka and Mamon. At Tawmaw lie describes the mineral as 

occurring in a metamorphosed igneous dylce intruded into serpentine. 

He concludes that the jadeite is tlui result of the metamorphism of 

an albitc-ncpheline rook originally forming the dyke, both minerals 

being found together with the jadeite at Tawmaw. The change would 

be represented chemically ar follows 

Na A1 Si O4 (iVepheline) + Na A1 SI3 Og (Albite)=2 Na A1 

Si2 Og (2 Jadeite). 

Under certain conditions of crystallization nepheline-albite rook 

might form, while, under conditions of high pressure during con¬ 

solidation or after, jadeite, which has a much lower molecular 

1 Amtr, Journ, 4th Ser., XVIII, 448—461. 
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volume, would be produced, the residual molecule forming albite 
or nepheline according to which molecule was in excess iu the 
original magma. In the neighbourhood of Tawmaw occur various 
crystalline schists which are intruded into by granite. The granite 
is traversed by veins of aplite and pegmatite (products probably 
of the same great eruption) and masses of crystalline limestone _ 
are found associated with the granitic rocks, containing various 
minerals dharacteristic of contact-metamorphism. The relations 
of the granite to the crystalline limestone in this region are similar 
to those of Mandalay Hill, Sagyin, and Mogok in the Ruby 
Mines district, where similar contact minerals, including the differ¬ 
ent varieties of corundum, are found in the metamorphosed lime¬ 
stone, The crystalline schists inclmle chloritic schists with well- 
formed crystals of magnetite, aclinolite schists and glaucophano 
schists. These are all regarded by Dr. Bleeck as the metamorphic 
products of basic igneous rocks affected by the adjoining granitic 
intrusions. The serpentines form a long narrow ridge, flanked on 
one or both sides by saussuritic-gabbros, saussuritic glaucophane- 

scliists and chloritic schists. These rocks are traversed by granite 
and veins of quartz: all the rocks are regarded as genetically 
related, and as the results of the differentiation of the same magma, 
which gave rise successively to tho peridotites, gabbros, nepheline- 
albite (jadeite) rock and the siliceous end-products of granite 
and quartz 

18. In addition to the crystalline and igneous rocks there are 

exposures in this area of a sedimentary 
series, consisting of sandstones and con¬ 
glomerates, with shaly layers and thin 

coal seams. These beds were regarded by Dr. F. Noetling,^ as miocene 
in age, and, although no fossils of stratigraphical value were found, 
Dr. Bleeck accepts the formation as belonging to some stage of the 
Tertiary system ; but he differs radicall}' from Dr. Noetling’s views as to 
the relative ages of this sedimentary series and the serpentine-jadeite 
complex. Dr. Noetling^ stated that the Tertiary strata are pierced by 
tho basic igneous rocks that include the jadeite veins ; but Dr. Bleeck 
finds that the eruptives, including the jadeite, are prominently 
represented among the boulders in the Tertiary conglomerate, and 
thus must have become weathered to contribute to the Tertiary 

Relation to Tertiary 
Sediments. 

1 Records Oeol. Surv. I^id., XXVI, 1893, p. 28. 
2 Loc, cit.. p. 28. 

0 
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sediments. These conglomerates are worked at Hweka for the 
iadeite-bouldors, which are also collected among the recent alluvial 

deposits of tlie Uru river near Mamon 
19. Dr. Bleeck also took the opportunity, while in tho Myit- 

KuWts of Naillmik. 
bearing deposits near ^aniazeik. In all 

essential respects the occurrence rcseuiblos the well-known area 

of Mogok described by Professor J. W. Judd and Mr. C. Barrington 

Brown. ^ 
Rubies are found in the soil and alluvial accumulations around 

% 

the village of Naniazeik as well as in the river-gravels on tho 

eastern slopes of tho mountain ranges between Naniazeik and Manwo. 
Tnis mountain range is composed mainly of granite and crystalline 
limestone, the latter liaving obtained its crystalline characters 
probably as stated before, through the intrusion of the granite. 
The limestone contains various minerals as the result of coiitact- 
metamorphism—garnet, spinel, chondroilito, grapliite, forstcrite, and 

other accessories, besides the valuable rubies and sappltires. The 

contact of granite and marble, exposed on the mad from Sikaw 
to Naniazeik, shows the granite to assume a pressure structure 
near the margin, and to contain large quantities of phlogopite, 

which is a prominent mineral also on the marble side of the contact. 
The marbles, when freshly broken, have the cliaracteristic evil smell 
of many limestones charged with introgenous organic matter. Tho 
marble is thus probably the result of the metamorphism of an or¬ 
dinary sedimentary limestone of chemico-organic origin, but 'no data 
are obtainable to determine its age. Dr. Blccck’s paper is pub¬ 

lished in Records, VoL XXXVI, Part 3. 

PAL.aEONTOLOGY. 
* 

20. Mr. G. H. Tippf'r acted as Pala?outologist during Mr. Vro- 

»" PrivUege Joav« £ro,„ 
the J5tli April to the 7th July 1907, 

but for the rest of the year the latter offi(;er held the appoint¬ 

ment, and, in addition to the research work which has already 
been published in part in tho Records, Mr. Vredenburg has made 

considerable progress in arranging tho rich undescribed materials 

1“ The Rubies of Burma Jind nssociatccl Minerals.’* Phil. Trans, Boy, Soe Vol 

187, 1896. 
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Intei'trappean fossils 
in tlio Cretaceous of 
Balucliistan. 

from the Tertiary beds of Western India, collected by various 
officers during past years and left unclassified in the.office. The 
corals and eebinoids have boon sifted and the niolluscan coHections 
are now in course of arrangement, 

21. The Mollusca from the Ranikot stage (Lower Eocene) are 

lower Eoooiie Moriusca. “■* 
rissaro of Pans, and the first instalment 

of their elaborate work, describing about IW species of cephalopoda 
and gastropods, has been received and translated by Mr. Vreden- 
burg for publication in the Palceoniohgia Indica. On receipt of 
the dc.?cription of the lamellibranchs it will be possible to estimate 
tlie stratigraphical significance of this work. 

22. Mr. Vredenburg has also sorted the valuable collections 
of Upper Cretaceous fossils from Baluch¬ 
istan, and, during the course of this work^ 
has discovered that the well-known fresh- 
w’atcr gastropod Physa Prhtse'pii so 

characteristic of tlie freshwater beds intercalated in the Deccan Traps, 
occurs in marine beds confainiiig Upper Cretaceous (Maestrichtian) 
iiminonites. An account of this occurrence has been published 
as a special paper in the Records fVol. XXXV, p. 114. see also 
Records, Vol, XXXVT, p. 178, foot-note). The specimens have been 
found in the collectioiis from the Des Valley as w^ell as in those 
from Ma;?ar Drik and all the essential features of the species are 
unmistakoably displayed. The pliells, therefore, must belong to 
individuals that were carried out to sea from the land on which 
the Intertrappean bods were laid down. The associated marine 
fossils fix the age of the beds \vith reasonable precision as upper 
Maestrichtian, and we have thus an important piece of evidence to 
fix the age of the great Deccan Trap eruptions more precisely than 
was possible before. 

23. k small collection of fossils obtained by Mr. Jervis from 
the Palana coalfield in the Bikaner State, 

KumniulitiC of Rajputana, has enabled Mr. Vredenburg 
the Palana coalfield. ^ ^ ii • • • 

to show that the coal-bearing senes m 
this area corresponds to the Laki series of Lutetian ago. 

In reviewing the fragmentary evidence regarding other post- 
Gondwana coalfields in India, Mr. Vredenburg concludes that in 
most cases there is a balance ot evidence in favour of a Laki 
age ; he points out that there are many doubtful features in the 

G 2 
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evidences adduced for the existence of Cretaceous and of post- 

Nummulitic-coal. This point, if confirmed, will give a valuable 

horizon for stratigraplucal work, especially in Assam and Burma, 
where there are so many isolated small coal-boaring basins. 

24. Among tlic Palana fossils occur specimens of Ostrea multi- 

costata, Deshayes, a species about which 
Stlirty of Itetrca there has been considerable confusion in 

mulitcostata, Desliayos. i • i l i. .. n/r i t 
geological literature. Mr. vredenburg, 

having examined the descriptions of this and other close-ribbed 

OstreoBy conies to the following conclusions 

(1) The previous citations of 0. multlcosiata in India refer to the 

following six species : (a) 0. angulatay J. dc C. Soworby 

(Upper Nari and Gaj) ; (b) 0. htimanjinatay Vredenburg 
(—0.Laink., according to Sowerby ; Upper Gaj); 

(c) 0. cuhitus, Deshayes (Lower Nari); (d) Gryphaea 
Esterluivji, von Pavay (age uncertain); (c) Ostrea turhes- 

tanensiSy Roinanowski. (Nari in the lower Zhob valley); 

(/) Exogyra sp. (probably Cretaceous). 

(2) The specimen regarded as eocene and figured in 1883 by 

d’Archiac and Haime as Ostrea muHicostatay Desh., var., 

again figured under the same name, but as a miocene 

form, in both editions of the Manual (1879 and 1893), 
regarded, by Mayer-Eymar, in 1871, as the typo of 

an eocene species 0. orientalisy is an incomplete, and 
consequently unsatisfactory specimen of the Aquitanian 

species 0. anquhtay J. do C. 8ow(»rby. 

(3) The true 0, multicostata occurs in India in the middle 

eocene, and characterises the same beds as in Egypt 

and Southern Europe. 

(4) The other close-ribbed species of Ostrea sensii slrieto in the 

Indian Tertiary, are (n) 0. Fraasi, Mayer-Eymar (Lower 

Nari), {h) 0. n. sp. related to 0. Fraasi (uppermost 
Gaj), (c) 0. diqitalina, Eichwald, var. Rholfsiy Fuchs, 
(Hinglaj series in the beds with 0. Virleti), {d) 0. pro- 

mensisy Noetling [Yenangyaung series with (e) O. pegu- 
ensisy NoetL, probably identical with 0. Virl^i\ 

(5) The Burdigalian stage, whose existence in Asia had been 

ascertained only over a very limited area, is found to 

be widely distributed in India, and includes the greater 
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part of the Hinglaj series in the Mekran, the Yenan- 

gyaung series in Burma, and possibly the Cuddalore 
series, and other Tertiary beds in the coastal regions 

of the Peninsula. 

25. Mr. Vredenburg has continued his researches on the fossil Forami- 

Cretaceous nifera in continuation of the work reviewed 
Forainiiiifera. General Report for 1906 {Records, 

XXXV, p. 16). He has now examined the 
collections of Orbitoides from the Cretaceous beds. These are found 
to agree generioally, and in some cases specifically, with the forms 

known in Europe, while their stratigraphical distribution lollows the 

European sequence. The Indian localities of the specimens examined 
are the Mari hills, and the province of Jhalawan in Baluchistan, 

Western Sind, the Suleiman range, and the Coromandel coast; the 
specimens occurring amongst Mr. Hayden’s collections from Tibet have 
also been examined. It is in Dr. Noetling’s collections from the Mari 

bills that the zonal sequence has been established in greatest detail. 

Mr. Vredenburg has identified a number of the associated fossils from 
this series, constituting the principal basis of the correlation which 

he has adopted. , 

In a general way three horizons are recognised—a lower one 

characterised principally by 0. media., a middle one with 0. socialis, 

0. IloUandi and Omphalocychis macropora^ and an upper one 
with 0. mmor. The lower zone is regarded by Mr. Vredenburg as 
principally Campanian, the two others as Macstrichtian. Orbitoides 

media and Omphalocyclus macropora are the two commonest species, 

and neither of them is entirely restricted to the zones above men¬ 
tioned, Omphalocyclus macropora descending into the lower zone, 
and Orbitoides media rising into the middle one, hut in a general 
way, Omphalocyclus is the newer form, rising into A horizon never 

reached by 0. media^ and vice versa* 

Mr. Vredenburg has noticed that in all the Indian occurrences 
Omphalocyclus macropora is represented by both forms megaspheric 

and miorospheric. The existence of the dimorphism has for the 
first time been established only quite lately (December 1907) 
by Professor A. Silvestri in his study of the specimens occurring 

both at Maestrioht and in the neighbourhood of Palermo.^ The 
constitution of tlu; megasphere in the specimens from Baluchistan 

i Aiti dvlla Poniificx Acc, jV. Lined, LXI, pj). 17—26. 
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ia identical with that of the Macstricht specimens figured by 
Silvestri. It is suggested that the close resemblance between 
Orhitoidcs socialis and the genus LepidocycUna may be a case of 
**' convergence.” 

26, The identification of the fairly numerous ammonites from the 

Mari Hills and Jhalawan has ohabled Mr. 
(jOI 1 elation of Raluchis^ Vredenbnrg to attempt a correlation of 

Cretaceous. J3aluclustan beds with the Anyalur of 
Southern India : both the Valudayur and 

Trigonoarca beds are regarded as the equivalents of the lower part only 
of the ammonite-bearing beds of 13aluchistan, those which have generally 
been spoken of as the “ Hcmipueiistes-beds”, and include the bulk 

of the two lower OrbitoideS’hearmg zones, TJie uppermost ammonite- 
bearing zone of Baluchistan (ofw'hhdi the leading fossils are Spheno- 

discus TJbaghsi^ hidoceras haluchistanensc and Cardiia subcomplanata) 

does not appear to be represented by any fossiliferous beds in the 
tyjje region of the Coromandel. It possibly corresponds with the 
unfossiliferous sands wliioh, in the Tricliinopoly area, intervene 
between the fossiliferous Ariayalur and Niniyur beds; but the 
stratigraphy of the Niniyur scries has not been investigated suffi¬ 

ciently closely to allow of a strict correlathm, though it certainly 
corresponds, in part at least, with the uppermost Cretaceous beds 

of Baluchistan and Sind, the “ Pab sandstones ” or “ Cardita Beau- 

monti beds ”, In Western Persia, in the districts of which the 
geology has been unravelled by de Morgan and by Douville,’ the 
“ Echinoid beds ” of these authors correspond principally with the 

Heinipneiistcs-beds of Baluchistan, while the “ Cerithium-beds ” are 

mainly the equivalents of the zone of Cardita subcomplanata. Mr. 
Vredenburg has suggested that the latter zone, unknown in the Tri- 
chinopoly and Pondicherri areas, may be represented further north along 
the cast coast by the fluvio-rnarine intertrappeans of Rajamahendri, 
several of whose leading fossils, such as Cerithiu7n Stoddardi, Lrania 

fusiformis an<l Physa Prinsepii, are among tlie characteristic forms 
of the zone of Cardita subcomplanata in Baluchistan and Persia. 

In consequence of the definite reference to well-known horizons 
resulting from a study of the Baluchistan fossils, Mr. Vredenburg is 
of opinion that the term “ Pathanian,” introduced by Dr. Noetling, 

becomes unnecessary as it clashes with the long established name 
Maestrichtian ” (or “ Dordonian ”). 

1 Mibftion scientifique en Perse : Molluaques fotMles, U^04. 
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27. Mr. Vredenburg has studied a number - of interesting Speci¬ 
mens collected in the Suleiman Range 

Cretaceous Pseiulofaco- H J Maynard, I.C.S., the Revd. 
ids near Fort Muiiro. .. n-r ’ t? ur 

Mr. Lce-Mayer, Major F. W. Pirne 
and Captain F^ C. Nicolas. Among these are various markings 
of the kind well known in the Flysch formations of Europe, 
and formerly ascribed with doubt to algaa, but now generally 
regarded as tracks and trails of marine animals. The specimens 
of this nature from the neighbourhood of Fort Munro were 
obtained in rocks that have been correlated with the Pab series 

of uppermost Cretaceous age in Jhalawan, Baluchistan, Some 

of the markings arc of a kind that might be made* by various 
kinds of animals, and thus they show a general sameness of 
character in rocks of various ages, from Cambrian and possibly 
pre-Cambrian times to the mioccne. Although these structures are 
consequently of no assistance in determining stratigraphical horizons, 

. they are interesting because they characterise the so-callef*^ 
Flysch facies of formations in various periods, and the occurrence 
of similar structures in *tho Vindhyan sandstones of Peninsular 
India suggests that this peculiar formation has also originated d 

la Flysch; to this, perhaps, is due its mysterious barreni^ess 

from the palsoontologist’s point of view. Mr. Vredenburg’s des¬ 
cription of the material from Fort Munro is published in Fecords, 

Vol. XXXVI, Part 1. 
28. The collections made during the progress of the survey of 

Napeiij];: (Rliaetic) beds; 
Northern Shan States. 

the Northern Shan States by Messrs. La 

Touche and Datta from the Napeng shales 
have been examined and described by Miss 

Maud Healey, and the results will appear as a special Memoir in the PaZ®- 
ontologia Indica (New Series, Vol. II, il/m. No. 4). The work has pre¬ 

sented considerable difliculty, owing partly to tlic state of preservation 
of the fossils, which are almost without exception mere casts, and 

partly to the fact that the great majority of them are lammelli- 
branchs, with no trace of the rich cephalopod or brachiopod fauna 
pf the Himalayan Mcsozoics. The stratigraphical position also 

of the beds, in which the fossils occur, could not be determined with 
accuracy, since they are found in isolated patches on the surface 
of the Shan Plateau, and their relations to tlie rocks both above 

and below are very obscure. 
Although the general facies of the fauna seemed in the first 

iustanoo to Messrs. LaTouche and Datta to indicate a Mesozoic 
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horizon for these fossils, the recognition of a Conocardmm among 

them by Dr. Noetling pointed to a much earlier position, and they 

were consequently referred with much doubt to the Devonian period 

in my predecessor's General Report for 1899-1900 (p. 85), especially 

as the stratigraphical evidence available seemed to point in that 

direction. Subsequently Dr. Noetling, on visiting the localities, 

found what he considered to be numerous specimens of Triassic 

•Myoghoricd, e<c., among the fossils (Gen. Rep. 1900-01, pp. 16, 19); 

but again, on discovering further specimens of Conocardium, he 

reverted to his original opinion, and the beds were referred to 

in the General Report for 1901-02 (p. 24) as undoubted De¬ 

vonians. 
The researches of Miss Healey have now placed it beyond doubt 

that the Napeng beds are Rhsetic, since they contain numerous 

specimens of the characteristic Rhaetic form {—Avicida) con- 

torta, in addition to Grammoiodon Lyceltii and Gervillia prcecursor^ 

awhile many other specimens closely resemble Rhaetic species. It- 

is, however, a fact that the Pala3dfeoic genera Conocardium and 

Modiohysis are represented, in addition to Palceoneilo, wliich is 

also found in the Devonian shales of Wetwin. 

29. In the Central Himalayas of the Kumaon division the youn¬ 

ger Mesozoic beds that form the compli- 
EvoHc Blocks of Slalla cated synclinc of the Chitichun area are 

Johar, Kiiiiiaoiu 
capped in places by massive limestone 

blocks, which either appear to rest conformably on, or arc embedded in, 

the soft Jurassic shales. They are partly of Palicozoic and partly of 

Lower Mesozoic «age, and the anomalous position of these blocks above 

younger strata has given rise to a considerable amount of contro 

vorsy. On account of the way in which they are weathered out as 

phituresque crags, rising in abrupt pinnacles above the younger rocks 

around, similar occurrences in the Carpathians and Alps have long 

been known as Klippen, and with reference to their origin, as 

exotic blocics. 

The first comprehensive account of the geology of the Central 

Himalayas of Kumaon is due to the late C. L. Griesbach (Mem, 

Geol. Smv, Ind., XXII f). In a short paper referring to the pre¬ 

liminary results of special expedition undertaken by himself, Professor 

C. Dienor and Mr. (A S. Middlemiss in 1892, Mr. Griesbach re¬ 

ferred especially to those exotic blocks [Rec. Geol. Surv, lnd,y XXVI, 

p. 22), and explained their occurrence by faulting. Professor C. Diener 

(Mem, Geol. Surv. Ind.^ XXVIII, pp. 1—27) subsequently gave a 
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general account of the fossils found during the 1892 expedition, and 

discussed more fully the origin of the exotic blocks, generally 

endorsing Griesbach’s vievtrs. The late Dr, von Kraflt extended 

the survey of the frontier district between Hundcs and Malla Johar 

in 1900, and published a special memoir {Mem. Geol. Snrv, Ind., XXXII, 

Part III) on the exotic blocks, which, as remarked by Diener in his 

memoir on the “ Cephalopoda of the Triassie limestone crags of 

Chitichun ” {PaL hid.^ XV, Vol, II, Pt. II, Chap. 3), he considered 

to differ from the “ Klipjien ” of Europe in being intimately con¬ 

nected with igneous extrusions : but von Krafft admitted the 

difficulty of offering a satisfactory ex2)lanation of where the blocks 

had come from and how they had reached their present position. 

30. Professor Diener has now completed detailed descri2)tion of 

the Upper Triassie and Liassic fossils obtained mainly by vou Krafft. 

and has ap2)lied his results to the theories in existence regarding 

the origin of these remarkable phenomena. Professor Dicner’s results 

prove to be of most unusual interest. He confirms von Krafft’a 

conclusion that the Permian and Triassie beds in the blocks belong 

to facies quite different to those of the bed.s of corresponding 

age found in the normal sections in this area: the former von 

Krafft termed the Tibetan and the latter the Himalayan series. 

Professor Diener now notices that, in the carnic and liassic beds of 

iJie Tibetan series, there are rcmarlvable agreements with their 

liornotaxial equivalents in tlic Mediterranean region, the agreement 

being often lithological as well as faunistic. 'I’he fossils of Lower 

Triassie and Musclielkalk age in the exotic; blocks show small 

affinities with the Alpine Trias, and more nearly resemble those 

of the Himalayan region; but there is still a certain lithological 

contrast. But tlie carnic fossils of the Tibetan series differ largely 

from those of the Himalayan series, and sliow ver}' close affinities 

to the zones of Trachyceras Aonoidcs and 'Tropites subhidlatus in the 

Eastern Alps. Among the liassic fossils of the Tibetan series Medi¬ 

terranean affinities are still more marked, the identity of species 

being almost comidete in some blocks ; in fact, the difference be¬ 

tween the liassic faunas of Wurtemberg or England and the Alps is 

even more couspicuons than between the latter and the lower liassic 

fossils of tlie Tibetan series found in the exotic blocks. It is 

generally accepted that to the north of the main region of tlie 

Himalaya there existed a part of the ancient ocean, known as 

Teihjiy which was in direct communication with the European area, 



26 Records of the Geological Survey of India, [VoL. XXXVII. 

and while local peculiarities existed in Triassic times sufficient to 

distinguish the assemblages of fossils of the Tibetan series from 

those of the Mediterranean region, the conditions in these widelj’ 

separated parts of Teihjs were almost obliterated in liassic times. 

It is assumed that the exotic blocks of Malla Johar were brought 

from somewhere further north in the Tibetan region ; but we still 

are unable to identify the region, and this discovery by Professor Die- 

ncr of the remarkable agreement between the Tibetan and 

Alpine carnic and liassic ff>ssils adds considerably to the interest 

of the question. Professor Diciier’s memoir is now in the press and 

will be issued as Vol. I, Part I, Series XV, of the Palcvontologia 

Indica, 

31. The description of the Cambrian fossils collected in the 

Cambrian fossils: Spiti. Parahio and Pin valleys in Spiti during 

the years 1898-1001, has recently been 

received from Mr. F. R. Cowper Reed and is of very considerable 

interest. The fauna comprises ten genera of trilobitcs, five genera 

of brachiopods, one of pteropods (Hyolitkes), one echinoderm 

{Eocystites) and one zoophyte (Cosrinoeyathus). The trilobites con¬ 

stitute by far the greatest proportion of the fauna, and embrace 

thirty-one species, of which almost all are new, only one being 

definitely identified with a hitherto described species; while threb 

others arc either identical with, or closely allied to, previously 

known forms. Next in importance come the brachiopods, of which 

there arc 14 species, only ten being sufficiently well preserved for 

specific determination : of these ten species, six are new and four 

closely allied to, or identical with, North American forms. 

In the Parahio valley, whence most of the specimens were 

obtained, six horizons have been recognised; and it is a remark¬ 

able fact that the fauna of each horizon is peculiar to it, no single 

species having been found in any two horizons. The lowest hori¬ 

zon is characterised by the presence of small brachiopods (Linyu- 

lella and BillingseUa) and the remaining five by trilobites, of 

which two genera, Ptychoparia and Olenus^ largely predominate; 

the latter genus is restricted to the uppermost horizon, whilst 

Ptychoparia is absent from this, but occurs in all the remaining 
four. 

The only trilobite that has been definitely identified with a 

known species is Redlichia Noellingi Redl,, a single specimen of 

which waa found in the Pin valley near Muth. It has not been 
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found in the Parahio sections, and its position in the sequence is 

not completely established, but it is almost certainly not higher 

than that of the lowest horizon with Billingsella and^^ Lingulella. 
The presence in Spiti of this well-known Salt Range species is 

of great interest, since it is the only form known to be common to 

these two areas. Its presetice, however, leads Mr. Cowper Reed 

to conclude that the beds in the Pin valley, from which it was 

derived, are of uppermost Lower Cambrian age. 

The remaining trilobites, with the exception of those found in 

the highest, or Olenus, horizon, as well as the brachiopods and other 

fossils, are remarkable for their dissimilarity to either 8alt Range 

or European types. On the other hand, they show decided affin¬ 

ities to genera from the Middle Cambrian beds of Western North 

America; and Mr. Cmvper Reed, therefore, regards them as of 

Middle Cambrian age, concluding that at that period Spiti formed 

a 2)art of the North American province. 

The highest horizon is especially characterised by the presence 

of the genus Olenus and the absence of Ptychoparia, and is re¬ 

garded as of Upper Cambrian age. 

The general conclusions arrived at by Mr, Cowper Reed, as 

expressed in his own words, arc— ' 

“ (1) the main mass of the beds must be referred to the Middle 

Cambrian, and the palaeontological affinities of the 

fossils in these beds are with the Rocky Mountain pro¬ 

vince of America ; 

“ (2) the Lower Cambrian is probably represented in Spiti, and 

the sole species which it has yielded is identical with 

one occurring in the Eastern Salt Range; 

“ (3) the Upi>er C’anibrian is found at the top of the Parahio 

sequence, and contains a small assemblage of fossils of 

indefinite aflinities, but includes a member of the genus 

Olenus, thereby suggesting a connection with the northern 

Euro2)ean province. ’’ 

These results have an important bearing on the classification 

adopted for the oldest Palpoozoic systems of the Himalaya. In 

. Spiti the trilobite beds are separated from the next overlying rock 

group by a marked unconformity, and the fact that the Upper 

Cambrian is represented by only the uppermost part of the trilo¬ 

bite beds leails to the inference that this system must either ex¬ 

tend up into the ov&Iying conglomerate and red quartzite hitherto 
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regarded as Ordovician, or that almost the whole of the Upper 

CaiTibrian was removed before the deposition of the latter for¬ 

mations. The apparent absence of this uncoufonnity in the Garh- 

wal and Kumaon Himalaya, and the presence below the red quart¬ 

zite of a bed of limestone, regarded by Mr. Griesbach as of Ordo¬ 

vician age, points rather to the latter view as the correct one. 

The fossils from this limestone, which arc now in Mr. Cowj)er 

Reed’s hands, have not yet been critically examined, but it is 

hoped that they will enable us to dcline the upper limit of the 

C-ambrian system of the Himalaya. 

To find the lower limit of the system will be more difficult. 

The lowest known fossiliferous horizon in Spiti is that of Red- 

licliia Noetlinyi, which is presumably of uppermost Lower (^am- 

brian age ; consequently the rest of the system must be looked for 

in the underlying red quartz shales”, defined by Mr. Griesbach 

as the u])permost member of his Haimanta system. It seems 

hardly probable tliat the whole of the Haimanta system, which 

is many thousands of feet in thickness, is of Lower Gambrian 

age, and Mr. Cowper Reed’s work thus confirms Mr. Griesbach’s 

suggestion that his Haimantas include also pre-Cambrian beds. 

32. Progress regarding the investigation into the plant-bearing 

beds underlying the Zewan stage of Kashmir was reported in the 

General Reports for 1002-03, 1003-01 
Gojidwaiia plants . j 1006, and the state of the problem 

IS discussefl fully m Mr. Hayden s paper on 

“ the Stratigraphical Position of the Gangamopteris beds of Kashmir^.” 

Professor A. C. Reward kindlv examined the additional fossil 

plants collected by Mr. Hayden in 1000, and found that while 

the species previously recognised are generally repeated, the new 

material serves to confirm the previous provisional determination 

of a new species of Psy<j-mophyllfnn and some imperfect remains 

of Cordaites^, Tlie evidence of this now material does not affect 

Mr. Hayden’s conclusion “ that th(‘ Ganmmoplcris beds arc not 

younger than tapper (Carboniferous and may belong to the base 

of that subdivision, or even to the Middle Garboniferous.” 

A systematic survey of these beds is now being undertaken by 

Mr. C, S, Middl(‘miss, who will keof> especially in view the import¬ 

ant questions regarding the stratigraphical relatiojiship of the 

1 Rec.Qnii. .Wr. hid., XXXVI, i>p. 23--3a. 1907. 
2 Prof. Seward’s results are published in Part 1 of Records, Vol. XXXVI. 
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plant-bearing series to the volcanic rocks below, and the apparently 
conformable passage of Permian into Triassic beds above. The 
discovery of further representatives of the Gondwana flora will 
also be of the greatest interest in determining the geological age 
of the Peninsular coal measures. 

ECONOMIC ENQUIRIES. 

Copper. 

33. During the field season 1906-07 Mr. K. A. K. Hallowes was 
deputed to continue his survey of the copper-bearing belt in the 
Singhbhum district. Tn consequence of the favourable results 
said to have been obtained in the past by prospecting operations 
on the area leased to the Rajdoha Company, observations were 
first directed with a view of finrling a suitable site for diamond 
drilling, on the completion of the operations in progress in the 
Kharsawan Estate. 

Mr. Hallowes reported two parallel outcrops of the copper 
impregnated schists striking approximately N.W.—S.E. and showfng 
at intervals from Matigara at the south-east end of the Rajdoha 
propert}'’ to near Rajdoha on tlie north-west. The copper-bearing 
jLonoR and the enclosing schists dip towards the N.E. at angles 
varying from about 52° to 35°, and sites Avere selected to the north 

of the outcrop for later determination of the lodes by drilling. A 

similar survey of the copper-bearing band was made in the Dlmlbhum 
Estate and in Suraikcla. 

34. The diamond-drilling accomplished during the year included— 

(a) Kodomdiha, north of Amda in the Kharsawan State: a 
hole to the depth of 1,093 feet. This hole was intended 

to test the persistence of the lode jireviously cut further 

south at a depth of 392—401 feet. At this place the 
lode was about 8 feet thick, and carrying 5*102 per 
cent, copper it was struck by the diamond drill 
further north at a depth of 1,069 feet, but was there 
found to carry only 1*825 per cent, copper for a thickness 

of about one foot. 

1 Mr, Hallowes is responsible for this and the assoy results quoted below. 
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(6) Regadih (Galudih), 5 miles west of Kodomdiha. 

In this place a shallow hole was drilled to test the copper 

lodes that have been extensively quarried on the outcrop. 
Drilling was extended to a (kqith of 430 feet. Specks 
and stringers of copper j^yrites were found at various 

depths from 131 feet to 294 feet; but there was nowhere a 
concentration of ore. The nearest approach to concentra¬ 

tion was at a depth of 293 feet, where a portion of the 

core 13 inches long only gave 0 * 606 per cent, of copper. 

(c) Landup (Nadup) near Kaliniati in the Dhalbhum Estate. 
Drilling was continued to a depth of 465 feet, but the 

only concentration of ore was found at about 197—198 
feet, where for a thickness of 14 inches the lode yielded 

3*335 per cent, copper. 

So far as they go these borings demonstrate a drawback that 
is a common failing among the ore-deposits in Peninsular India, 

namely, abundant material widely disseminated instead of concen¬ 

trated in a way that would permit of economic exploitation. The 
diffused character of the ore accounts for the apparently extensive 
nature of the ancient workings that mark the outcrop. Tlie con- 

spuuious, highly-coloured carbonates probably occurred scattered 
over wide zones; but no one now knows how much copper was 

obtained from these quarrying operations, of which no historical 
record is preserved. Another feature shown by the diamond-drillings 

is the general constancy in dip of the copper-bearing bands; had 
there been more disturbance of the rocks, however, there might 
possibly have been developed the compensating feature of richer 
concentration. 

The mast favourable results obtained in 1907 were those at 

392—404 feet in the Kodomdiha Drill-hole ; but it is impossible to 

say without further work along the strike whether this is a mere 
local swelling of the lode or a fair representation of it in this 
locality. Similarly, the less favourable results elsewhere may give 
an unfair idea of the deposits tested: it will be the business of 

those who take up concessions to extend the Geological Survey 

work by further prospecting where, as at Kodomdiha, the expend¬ 
iture of more money would be a reasonable venture. 

Further borings are now in progress near Matigara and Laukisra, 

and the completion of these will complete the programme as far 
as the Geological Survey is concerned. 
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I would like to take this opportunity of recording my appre¬ 

ciation of the high quality of work done by Mr. M. J. GalJaghan, 

who was sent out by the Sullivan Company to conduct -the work 
of drilling. 

A large quantity of material has been collected and on the 
completion of the work in the Laboratory a full description of 
the lodes and associated rocks will be published. 

Gold. 

35. The small gold-field on the Namma, a tributary of the 
Salween some 50 miles east of Lashio, 

visited by Messrs.' LaTouche and 
* * ’ Brown. An abortive attempt liad been 

made during the previous year to recover the gold in this field 

by means of a steam dredger, but the character of the deposit 
was found to be unfitted for this method of exploitation. It 
consists of gravel and boulders imbedded in a stiff clay, hardened 

by the deposition ot calcareous tufa derived from thick beds of 
limestone forming the sides of the valley, and not sufficiently loose 
to enable the buckets of the dredger to excavate it. Some form 

of hydraulic mining Would aecm to be more suitable and proniising; 

as there is an abundant supply of water (which could easily be 
obtained at high pressure) available on the spot. 

The gold a})pears to have come from the ancient rocks forming 

the crest of the range on the north side of the valley, for the 
lower slopes on this side, and the whole of the southern side of 
the valley, are composed of limestone. 

Manganese-ore. 
¥ 

36. After handing over charge of the Museum and Laboratory 

South India. 
to Mr. Walker on the 23rd August, 
Mr. L. L. Fermor was deputed to South 

India to inspect certain recently opened-up deposits of manganese- 

ore with a view of completing the data for his memoir on Indian 
manganese. The deposits examined included those of Sandur in the 

Bellary district, Chitaldrug, Kadur, Tumkur and Shimoga in Mysore, 

and various occurrences in the Belgaum district. 
37. Most of the deposits in South India differ in an essential 

character from those of Nagpur and adjacent districts in the 
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CVutral Provinces : in the latter area the orc-bocHcs now appear to 
be an integral part of the crystalline complex, although it is pro¬ 
bable that they have attained their present character as bodies 
composed mainly of clean oxides by alteration of manganese-sili¬ 
cates, possibly through the agency of subterranean water of 
meteoric origin; in South India, however, as in parts of Jubbulpore, 
the ore-deposits are more su])erficial, and appear to be residual 
products from the surface alteration of the various lithological 
elements that constitute the Dharwar system of schists. The 
manganese-ores occur irregularly associated with lithomarges, ochres 
and wads, sometimes taking the form of nodules aiid concretions, 
and sometimes of more extensive masses. The Kumsi deposit in 
the Hhimoga district of Mysore is an exceptionally large example 
of such surface accumulations of ore; but most of them are of 
small depth and comparatively low in quality. 

38. Enormous quantities of the so-called superficial kind occur 
also in the Sandur State, where they were 

^kaiidiii. noticed long ago by R. Bruce Foote, 1 

who also described the great syncline of Dliarwar schists forming 
the Sandur hills. Mr. Fennor concludes that the manganese and 
associated iron-ores are fornu^d as weather-products from hematitic 
schists and slates similar to those on which the ore-deposits now 
lie. In s]>ite, however, of the fact that the ore-bodies must be 
described as superficial, tliere is no doubt that miHions of tons 
are available on the Ramandrug j)]atcau : it has yet to be proved 
that the ores of the (Vmtral Provinces will bo more lasting than 
some of these so-called superficial deposits, for those that in the 
Central Provinces form a part of the crystalline complex probably 
pass down into silicates unsuitable for the requirements of the 
metallurgist. Wc have no idea as to the depths to which the 
pure oxides extend in any case. Like the so-called superficial deposits, 
many of these have obviously greater resources than will be affected 
by mining operations in the near future, and their owners are not 
at jiresent sulliciently anxious about the distant future to share 
with Government the expense of testing their ore-bodies by diamond¬ 
drilling. Mr. Ferinor’s report on the occurrences in Sandur State has 
been sent to the General Sandur Mining Company, which has leased 
the principal deposits. 

J Oonlogy of the Bellary Dlatriot, Qeol, 8urv, Ind. XXV» p. 194, 1806, 
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39. Mr. Fermor wa8 al80‘ deputed to the Central Provinces 
during December to make a second, m- 

Inspectioii of Mines, spection of the manganese-ore quarries. 
Central Provinces. development that lolloped the 

rise of prices in 190G, and the accessibility of the ore-bodies, have 
attracted a certain number of workers whose experience in the methods 
of mining hardly enable them to carry out the covenants made 
in their leases and licenses ; it was partly in order to assist such 
workers with advice and criticism, partly to ensure development 
without unnecessary waste and destruction of the ore-bodies, that 
these informal inspections have been ordered. 

During his last tour Mr. Fermor inspected the following 
deposits:— 

Chhindwara district :— 
Gowari Warhona, Sitapar, Gaimukh, Lakhanwara and Kachi Dbana, 

all worked by the Indian Manganese Company, Limited. 

Nagpur district :— 
Kodegaon, worked by the Indian Manganese Company; Gum- 

gaon and Lohdongri, worked by the Central Provinces 
Prospecting S3mdicate ; Kacharwahi and Mandri, worked ^ 
by the Central India Mining Company. 

Bhandara district :— 
Miragpur, worked by the Central India Mining Company; Hat- 

ora and Chikla, worked by the Central Provinces Pros¬ 
pecting Syndicate. 

During Ins work Mr. Fermor received, as before, the courteous 
assistance of the Managers, and his report has been submitted 
to the Central Provinces Administration for communication to the 
Companies concerned. The criticisms made indicate a general 
improvement in the system of operations, an improvement that is 
the natural outcome of prosperity and consequent ability to en¬ 
tertain more highly qualified Managers. The disadvantagee due 
to opencast workings, that were developed in the initial stages, 
before the Companies were assured of success, are now being gen¬ 
erally recognised, and work is being planned for underground min¬ 
ing. The recent fall in prices will naturally limit the operations 
in a large number of cases, but a reasonable rest after the feverish 
rush to meet the heavy demands for ore that prevailed last year 
will not be wholly disadvantageous to the industry. 

V 
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40. Tho formation of the Central Ptovinres Minulig Asfiociation 
. , ,, is an incident welcomed by all interested 

® in the progress of the manganese^mming 
industry; tho recently settled question of adjusting the royalty 
charges to meet the rapid and great variations in ore-values is but 
one of the many problems, bearing on the industry, in which a 
representative Association Can assist the aims of Government to 
maintain conditions equitable to the mining community, as well adi 
to the previously established interests of other tax-payers. 

Petroleum, 

41. With the assistance of Mr. G. de P. Cotter, Mr. E. H. Pascoe 
was deputed for a second season to 

ppcr nrma- Burma for the supervision and further 
examination of the oil-fields. Besides reports to the Burma Gov¬ 
ernment regarding the local regulations, the geological work included; 

42. (i) An examination of the fa^ilted area to the south of Berne 
village in the Yenangyaung Oihfield Indications of faulting had 

been observed by Mr. Davies of the Burma 

yauug field examination Mr. Pascoe 
established a fault of some magni¬ 

tude extending obliquely N. N. E. to S. S. W. across the outcrops 
of the various Miocene beds from close to the crest of the anti¬ 
cline for some distance into the Pliocene. Other adjacent faults 
— probably minor ones — render the elucidation of this area 
difficult in the extreme. Whether the large fault extends com¬ 
pletely across the Miocene outcroj) or ends in the numerous veins 
of mud which have honeycombed the crest-beds, is a point which, 
it is hoped, will be cleared up by further work. There appears 
to be some connection between this faulting and the failure to 
find anything in appreciable quantities but gas south of Beme. 

43. (ii) A survey of the Minhu Hills on a scale of 8 inches to a mile. 
This anticline of Miocene and Pliocene beds 
is one of great interest from a scientific 

point of view. Slightly asymmetric, and sharply folded, it has been very 
extensively denuded and its deeper structure laid bare. There are 
many comparatively large faults, one of which appears to coincide 
>vith the line of mud-volcapoes near the town of Minbu. In several 
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spots within the 20 demarcated square-mile blocks, boring for oil has 

been undertaken, but with little success. Although there is certainly 
room for further testing, it is very improbable that any largo or 

richly yielding oil-field will ever be established here. An account 
of this area will be published later on. 

44. (iii) Examination of a recently discovered Miocene outcrop 
near Wetchoh, east of Yenangyanng, Only the topmost beds of the 

Miocene are exposed here, and the fold 
Wetohok. jg q£ ^ gentle elliptic dome, 

the longer axis of which runs in the usual direction ofj Miocene 
anticlines in Burma, viz., N. N. W. to S. S. E. There are several 
faults within the area, but the presence of a red alluvial deposit 

renders the tracing of them and estimation of their magnitude, 
matters of great difficulty. From the oil-winner’s point of view 
the promising nature of the gentle fold is more or less nullified by 
the presence of faults, the small vertical depth of Miocene exposed, 
and the distance of the area from what has been termed the “oil- 
belt.” A paper on this area is to be published shortly. 

45 (iv) Commencement of a resurvey of the Yenangyaung Oil¬ 
field. Two beds of marine fossils belonging to separate horizons 

and a bed containing a new variety of 
Yenaiigyauiig. were discovered. Several small 

faults not indicated in Dr. Noetling’s published map, were found 
round the margin of the field, and it is chiefly for the mapping of 
these and the investigation of their effect upon neighbouring wells 

that a second survey has been undertaken. 

46. Mr. Cotter spent November and December 1906 with Mr. 
Pascoe examining the Yenangyaung Oil- 

Yenangyat. method of digging and drill¬ 

ing for oil. January he spent on the Yenangyat field, mapping 

the eastern and western boundaries of the Miocene outcrop north 
and south of block 67. The main features of interest here proved 
to be the narrowing of the Miocene outcrop (due apparently to 

sharper folding) and the number of ferruginous conglomerate bands 
on the western flank of the anticline. These bands contain both 
fossil-wood and selenite, in consequence of which difficulty was 

experienced in establishing a definite boundary between the Miocene 
and Pliocene. Mr. Cotter was enabled to confirm Mr. Grimes’ 
and Mr. Pascoe’s observations on the inversion of the anticlinal 

fold bete. 

P? ' 
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47. In February Mr. Cotter paid a visit to the Singu Oil-field 

and among other fossils found a new 

species of Dendropliyllia^ which was also 

found by Mr. Pascoe at Minbu. This coral is described in a paper 

published in Recordsy Vol, XXXVI, Part 3, 

48. March was spent by Mr. Cotter in surveying and mapping 

Taungtha Hill. This anticline of Miocene 
Taiingtha. Pliocene is saddle-shaped, the crest 

sinking in the centre between two crest-maxima. Dips are very 

steep, especially on the eastern flank, and the bods appear to be 

considerably disturbed and faulted. Owing to this and the dis¬ 

tance of the area from the “ oil-belt ”, prospecting would not be 

very promising. Details of this region are published in Recordsy 

Vol. XXXVI, Part 3. 

49. In Apiil he examined the Yenangyaung blocks around Tat- 

kan, between Singu and Yenangyaung, 

and pronounced unfavourably upon this 

tract. He was unable to identify any well-defined anticline here, 

and agrees with Mr. Grimes in considering the beds to consist of 

nothing but Pliocene. 

Tatkai). 

Salt. 

50. Besides reforming the methods and equipment of the Ijabor- 

atory, Dr. W. A. K. Christie, tlic Chemist, 
Rajputaua. been engaged mainly in the examin¬ 

ation of brines and river-waters from Rajputana. ''i'he investiga¬ 

tions into the salt-resources of the Sani1)har Lake described in the 

General Report for 1903-04 and 1005 left us in a state of uncer¬ 

tainty about (a) the balance of effect due to the artificial manu¬ 

facture of pure, salt and the annual additions of chloride and other 

sodium salts brought in by the rivers, (h) the origin of the large 

quantities of salt within the drainage basin. Arrangements have been 

made for the annual sampling of the lake-brine and of subterranean brine 

from various parts of the lake-bed. Samples of the inflowing “ fresh ” 

water during the monsoon are also being collected. It will require some 

years probably to demonstrate any change in the resources of the Lake 

due to the opposed agents of loss and gain ; but it is hoped that 

the system now organised for annual sampling and the great precision 
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adopted in analysis wlQ, in a few years, afford data of the 
greatest value in gauging the prospects of the industry, as well as in 
estimating the age and nature of the processes by which Sambhar 
reached its present degree of salinity. 

51. To account for the large quantities of salt in the many 

isolated basins in the Rajputana highlands, I have suggested the 

action of the strong south-west winds which blow into the desert 

region from the salt incrusted Rann of Cutch during the dry hot 

months that precede the monsoon rains in each year. These 

winds are very inconstant in velocity, but very constant in general 

direction, and all movements of sand and salt towards the north¬ 

east arc positive, until the first fall of rain in June or July washes 

the accumulated salt-dust into the lowest part of each isolated 

rock-basin, forming the many small salt-lakes in the desert, where 

Sambhar, though the largest still above the sandy mantle, is but 

one of many. To test this theory Dr. Christie has designed an 

ingenious set of instruments fo^ sampling the desert winds during 

the hot weather. His results will be awaited with interest, as it 

is obvious that reliable support of the theory must affect our no¬ 

tions generally regarding the salt-deposits of desert regions, wl^ich 

are in general regions of indraught during hot dry seasons, when the 

salt crystals can break up into the finest dust. As desert 

conditions are often so marked in the rocks that accompany the 

older rock-salt deposits, a theory of this kind, if established, would 

also affect our notions regarding the origin of such deposits. But 

it is dangerous obviously to speculate on secondary issues while 

the theory itself is under trial. 

ECONOMIC SURVEYS. 

Silver-Lead. 

52. The ancient silver-lead mines of Bawdwin-gyi (Great Bawd- 

win) in Tawng-peng, one of the lesser 

^^Shau Stages Shan States, were visited by Messrs. 
LaTouche and Brown, who studied res¬ 

pectively the geology and mineralogy of that interesting locality. 

These mines were worked by Chinese from Yunnan for a very 

long period until about 50 years ago, when they were deserted, 

and traces of their activity are everywhere apparent, notably in 
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the numerous galleries^, driven into the^ hill-sides for the extraction 
of the ore, and in the enormous heaps of lead-slag which were 
thrown away after smelting out the portion of the lead containing 

the bulk of the silver. A Company has been formed for the pur¬ 
pose of exploiting these slags, and is now engaged in laying a 
steam tramway to the spot in order to bring the material to a 

convenient locality for smelting. 

The ores occur in a zone of intense disturbance, caused by one 
or] more great overthrust faults traversing the rocks, which are 
felspathio grits and rhyolitic tuffs, probably of Cambrian age. They 

consist for the most part of argentiferous galena and zinc-blende, 
with a small quantity of copper-p3rrites in minute granules. The 
crushing and fi&suring of the rocks has enabled water or vapours 

impregnated with mineral solutions to percolate through the mass, 
the metallic ores replacing by metasomatic action the felspar and 
other rock-forming minerals originally present. An account of the 

geology and mineralogy of the locality is now ready for publication. 

Tin. 

53. Mr. J. J. A. Page was deputed in February to make a 

survey of the tin-mining areas in the Mergui district, mainly with 
a view of assisting the Local Government in the administration 
of the industry. He was occupied until May with a preliminary 
examination of the ground, and, after examining at headquarters 

the data collected during this tour, made a preliminary report, 
and commenced a more detailed examination of the district from 
August to the end of the year. 

The country is thickly covered with jxingle and decomposition 
products which effectually conceal the rocks over great areas, while 

the means of communication being still in a primitive condition, 
exploratory work was necessarily slow. 

54. So far as the geological observations go, no facts were 
obtained to disturb the general views previously held regarding the 

structure of the country. The principal hill-ranges, with a N.—S. 

trend, are mainly composed of granite, with flanking hills cut-out 
largely of unfossiliferous schists, slates, sandstones and quartzites. 
The granites appear to be intrusive into the sedimentary rocks, 
and are exposed in a series of bosses that do not form a coi^tinuous 
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QUtoxop. There appear to be more than one generation of granitio 
rookiBy apd they are traversed by quartz-porphyry dykes. The 
sedimentary rocks are provisionally referred to the sovoalled Mergui 
series, but it is impossible to determine their relationship to the 
adjoining Moulmein series, which includes Carboniferous limestones; 
hence their true geological age is not certainly known. Isolated 
patches of strata, probably Tertiary in age, are found resting un- 
conformably on the highly inclined Mergui slates and quartzites. 
The coal-bearing occurrences of these rocks in the Tenasserim valley 
have been described already by Mr. P. N. Bose, under^ the local 
name of the Tendau group. 

The country is largely covered with laterite and recent alluvial 
deposits. 

55. The only tin-ore worked is cassiterite, which is widely dis¬ 
tributed throughout the district, and is invariably found near the 
granitic hills. The mineral is found under the following four 
conditions 

(1) As a constUuent of decomposed pegmatite rich in tourmaline 
and muscovite^ known locally as Kra**. This material is 
found at Yhungwa, at several points along the road ^to 
Inner Bokpyin, at Yengan, Migyaungchaung, Manoron-and 
Yamon. Kra was found in the hills east of Mawton, just north 
of the Tenasserim river; and, although no qassiterite was 
found here in the pegmatite, it was obtained in the superin¬ 
cumbent soil. Tin-bearing kra was also found south of 
Yaungwa on the new road to Karathuri, and in the Kyouk- 
chychaung to the south of a large isolated hill of granite. 

(?) In massive qmrtz-segregatiorw in and on the outskirts of 
granitic hills. Some of these segregations are several feet 
in thickness, and sometimes carry also wolfram, pyrite and 
ohalcopyrite. Examples : North Hill, Khow Maung (Centre 
Hill) and Peetoolai in the neighbourhood of Maliwun. 

(S) In quartz-veins and stringers in ground adjacent to decompos¬ 
ing pegmatite. In oases like that at Youngwa it is necessary 
to remove the matrix with the small stringers for the 
separation of the cassiterite. 

(4) Hill-side talus accumulations due to the disintegration of classes . 
(1), (2) and (3), extending to gravel deposits along the 

1 lUeorda, Qtol. Surv. Ind., XXVI, p. 153, 1893. 
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stream valleys and in alluvial flats. These form the deposits 
most generally worked by the Chinese and Siamese 

immigrants. 
56. The following tin-mining localities were examined by Mr. Page :— 

(1) Maliwun area : (a) Klong Bankwa (10° 14'; 98° 38'). Sev¬ 
eral small workings by C.’hincse. The only working apparently 
profitable yields 6 lbs. cassiterite per cubic yard of “ dirt 

(6) Klong Nam Sai {10°1G'; 98^^39'). Only one working, carried 
to a depth of 42 feet, where rich tin-bearing material is 
found, but the mine is hampered by the cost of dealing 

with a great overburden. 
(c) North Hill, Peetolai and Centre Hill, taken up by the Burma 

Development Company under mining lease. In this area 
stanniferous quartz segregations arc being exploited. 

(d) Hassei Deng (10° O'; 08° 37') and (e) Klong Glama (10° 12'; 
98° 30'). Old abandoned workings only. 

(2) Karanthuri arm : (a) Chaungtenaung (10° 53'; 08° 46'). Two 
workings in alluvium, yielding also small quantities of 
gold, (b) Chaungkapra (10° 55'; 08° 48'). Five workings 
in alluvium. (c) Karathuri (10° 56'; 98° 48') 22 workings 

on the hill-sides and low ground. 
(3) Yaungwa io Bokpyin : {a) To Twe (11° 4'; 98° 40'). Two 

workings. Tin occurs also in the mangrove swamps below 
high-tide level, (fc) Hangpru (11° 1'; 08° 50'). Three active 
workings, and others abandoned. (c) Yaungwa (11° 8'; 
08° 52') to Inner Bokpyin (11° 14'; 08° 50'). Four native 
mining leases owned by Messrs. Kinloch and Eglington are 
being worked; fifteen native workings besides prospecting 
licenses granted to two European companies who have closed 
operations. 

(4) Bokpyin to Yenqan : (a) Sadien (11° 23'; 08° ^18'). Many aban¬ 
doned old workings, {h) Migyaung chaung (11° 25'; 08° 47'). 
Workings in pegmatite and alluvium ; the deposits are rich, 
but difficult to wpfk on account of want of water, (c) Yengan 
(11° 27'; 98° 48'). Seven workings in good alluvium, hampered 
by want of water. The alluvial flats would be worth testing by 
borings vvith a view of pond-dredging from the adjoining creek. 

(5) Manoronarea: Keh chaung and Hesanikong (11° 31'; 09° 12^. 
Eighteen apparently profitable workings operated only in the 
rainy season. Stanniferous quartz stringers in one working 
only, the remainder being alluvial. 
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{&) Mergui area : Yamon (12® 13'; 98® 47') to Naulde (12° 18'; 
98® 47'). Eight workings, all shallow, yielding cassiterite from 
^ to 2 lbs. per cubic yard of the stanniferous layer, which 
varies from 18"^ to 3 feet in thickness. The locality is 
possibly worth prospecting with a view of dredging. 

(7) Great Tenasserim Valley: (a) Tagu (12® 16'; 99® 4'), One 
lease being worked besides abandoned old workings. 
Wolfram in white quartz fragments found with the alluvial 
tin, but not found in situ, (b) Theindaw (Tendau) (12® 
20'; 99° 10'), Many old workings showing “ pay-dirt ” at 

a depth of about 16 feet. Concessions have been 
granted for working on European lines. 

(8) Thabalik (12® 1'; 99® 15') near the Siamese boundary. Five 
native leases being worked. The “ pay-dirt ” appears to 
be richer than in most places. In the streams wolfram was 
found in quartz fragments. 

Tungsten. 

57. While prospecting for manganese-ore in the Nagpur district 
Mr. J. Kellerschon, Agent in India for the Carnegie Steel Company, 
came upon a vein of mineral that proved to be wolfram on de¬ 

termination by Mr. G. G. Narke, a student-apprentice on the Geo¬ 
logical Survey. Mr. Fennor was accordingly requested to examine 
the occurrence during the course of his annual inspection of the 
manganese-mines in December, 1907. Meanwhile, the occurrence 

was developed by Mr. Kellerschon, to whom we are indebted for 
more material and full facilities for studying the deposits. Ac- 
cording to Mr. Fermor’s description, the deposit as exposed lies 
within the boundaries of Agargaon in the Umrer tahsil, where the 

wolfram is found as a constituent of quartz-veins intercalated in 
mica-schists and tourmaline-schists that belong to the Dharwar 

system. The wolfram bearing veins are* more intimately connected 
with the tourmaline-schists, and the formation of the tourmaline 
was probably due to the same mineralising agencies which gave 
rise to the deposition of tlie wolfram and quartz in fissures opened 
along the foliation-planes of the schists. 

The wolfram is irregular in its degree of concentration, and 
work had not proceeded far enough at the time of Mr. Fermor’s 
visit to settle with certainty the economic prospects of the deposit. 
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Crystalfl of the wolfram generally vary from J to 2 inches in dia¬ 
meter, but some of them measure as much as 4 to 6 inches across. 
The quartz-wolfram veins are of all sizes, from thin “ stringers 
to about 18 inches thick, and they permeate a band of “ country ” 
that may be 70 feet wide. The schists and included veins strike 
about W.S.W.—E.N.E., and prospecting licenses have been granted 
for the extensions in both directions from the original locality in 
Agargaon. Nothing was found at the surface to indicate this oc¬ 
currence and the chance discovery in a prospecting pit put down 
because of some black stains supposed to be manganese-ore, gives 
an idea of how much is hidden in Peninsular India under the mono¬ 
tonous peneplain, in which the rocks are masked by a thin en¬ 

velope of soil. 

Water. 

58, Owing to the considerable growth of the city of Ajmer, 
whose prosperity within recent years has 

Ajmer. greatly increased by the presence 

of the Railway workshops, the question of increasing the water- 
Bupply has become imperative, as, owing to the increase in the 
demand, the amount of water supplied by the present scheme 
threatens to fall short in years of drought. Owing to the elevated 
situation of the city, there is no hope of being able to furnish the 
supply by gravitation alone, and Mr. Vredenburg, who was deputed 
in April 1907, to report on this question, deprecates any scheme re¬ 
lying solely upon artificial or natural lakes, where the evaporation 
is great and the supply depends largely upon a rather precarious 
rainfall. The streams are all liable to dry up entirely during part 
of the year, and Mr. Vredenburg is of opinion that a sufficient 
supply should be obtainable by sinking large percolation wells 
through the thick alluvial formation that occupies the neighbouring 
valley. The fact that w^Ls of this sort suffice to irrigate an area 
of several square miles m the neighbourhood of the town, even 
during years of greatest scarcity, is an indication that the supply 
must be ample for the needs of the city. For the practical utility 
of any scheme it is important that the sources of supply be not 
too muclj scattered. Experiments are therefore being conducted 
in the hope of finding some convenient spot from which the whole 
sqpj^y or a considerable fraction of it might be obtained. 
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Mr. Vredenburg examined a number of wells within a radius of 
about 12 miles from the city, and came to the conclusioi^ that the 
valley of the Sagarmati, south of the town, and that of the Sarsuti, 
west of it, appear the most promising areas, the first-named bene¬ 
fiting by a large drainage area. The wells are now being system¬ 
atically tested, and experimental borings are also being sunk through 
the alluvium. 

From one of these borings, put down in the month of June by 
Mr. Gbodwin, in the Sarsuti valley, the water rose above the sur¬ 
face, and has continued flowing ever since, indicating the existence 
of artesian conditions, and thus reproducing on a small scale those 
observed in Baluchistan. There is a gentle slope of the alluvial 
formation from the bill-range bordering the Sarsuti valley on its 
eastern side, down to the river bed; the alluvial formation in¬ 
cludes alternating layers of clay and of sand, the latter being 
blown sand re-distributed by rain, and it is this alternation of 
pervious and impermeable strata, combined with the slope of the 
ground, which accounts for the artesian conditions observed. 

The hill ranges and the rocks underlying the alluvium belong to 
the Aravalli system of ancient schists, which are impervious, or m 
which water occurs only in . fissures that cannot be systematically' 
explored. 

GEOLOGICAL SURVEYS. 

Central India. 

59. Although it was necessary to retain Mr. Middlemiss at head¬ 
quarters to complete his report on the Kangra Earthquake, he 

. , remained in charge of the Central India 
rea surveye . party, which consisted of Messrs. H. 

Walker, A, M. Heron and Sethu Rama Rau. The officers in the 
field continued the survey in a general westerly direction from 
the area done last year, with the result that the following Standard 
Sheets on the !"■ = 1 mile scale have now been added to the com¬ 
pleted list:—^Nos. 212, 276, 277, 306 and 334; whilst portions of 
the following have been mapped :—^Nos. 211, 213, 242, 243, 244, 
274, 275, 303, 304 and 336. Of these the western area, included 
in Nos. 211, 212, 213, 242, 243 and 244, was surveyed by Messrs. 
Walker and Heron, and the eastern area, included in Noa. 274^ 
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275. 276, 277, 303, 304, 306 and 334, by Sethu Rama Ran. The 
latter also entered sheet 335, and revised portions of it with special 
reference to the iron-ores of the Sendrani neighbourhood. 

Omitting areas belonging to the Gwalior State, the Central 
India survey has now linked up with the 

Connection with previ- previous survey of the Lower Narbada 
oils surveys. 

Vol XXI, Pt. 1, 1884) and with that of the Dhar State by Mr. Vroden- 
burg, all of which region lies to the south and south-west of the area just 
completed. During the present field-season it is hoped similarly 
to link up (with possible revision) with the areas mapped by Messrs. 
Hacket and Kishen Singh, which lie to the west and north-west 
of the area now in progress. 

60. The western area surveyed by Messrs. Walker and Heron 
lies within lat. 22° 30"—23° 30' and long. 

Western Area. 74° 30'—75° 20'. This area included the 

whole of the Pitlawad pargana of the Indore State, the greater 
portion of the Jh^bua State and j)arts of Rutlam State. 

61. Rocks of the Ardvalli series occupy the south-western cor¬ 
ner and a ])ortion of the western side 

Disposition of Rock of this area, which lies entirely in Jhabua 
Olllia ions. territory. Along the southern and a part 

of the eastern margin of this Aravalli outcrop, jdatforms of Laineta beds 
lie horizontally and unconformably on the schists and granites. The 
remainder of the country surveyed is occupied entirely by Deccan Traps. 

62. The position of this outcrop of Ardvalli rocks as an inset 
in the margin of the Deccan Trap—leads 

Ihe ArSYalli Serit% one to infer that they have at one time 

being covered by Deccan Trap. This view is strengthened by the 
fact that several rivers which flow from the basalts on to the 
Ardvallis have cut back the former and exposed tongues of the 
latter. The sameness in the general maximum level of the ArS- 
valli rocks is what one would expect as a result of the removal 
of the basalts. Streams have cut up the surface into low, round- 
backed hills. The chief rock types represented are— 

The Ar^Talli Series, 

Sericitoid-phyUites, cjuartzites, quartz-schists, gianites and lime¬ 
stones. Locally gneisses are met with, Mr. Walker notes that 
many of the granites contain large quantities of pale-brown sphene. 
In the west (Walker), and also in the east (Heron), the occurrence 
of an amphibole-quartz-rock in conjunction with granite masses 
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has been described. Further it has been found that in one place 
in the west the above rock passes into an amphibolite. Acti* 
nolite also is an occasional constituent in this series (Walker). A 

more definite relationslup of amphibole rock to granite could not be 
determined owing to the occurrences being much obscured by soil. 
The limestones are interesting; for Mr. Heron reports one contain- 
ing green epidote, and another, found in the west, has such an 
amount of sericitoid material as to warrant it being named a calc- 

schist. Throughout the ArAvalli series the predominant character¬ 
istic is the exceeding acidity of the rocks. The phyllites have 
well developed white quartz lenticles and veins, and even the 

limestones are thickly traversed by veins of quartz. Muscovite is 
the chief mica in the granites; biotite is not common. To the 
north of the outcrop and along its eastern face the general strike 
is E 20°—30° S. This changes to S 20° E. in the south and west. 
The rocks are much folded, often steeply, and the dips are high, 
irregular, and often vertical. The phyllites still preserve traces 

of bedding, and the granites also retain to a large extent their 

original structure. 

63. As in the case of the ArSvalli series, the Lameta rocks 
are exposed only in Jhdbua State. The 

The Lameta Sciies- peculiar distribution of these rocks is 

worthy of note. One small isolated patch of Lameta rocks was 
found lying horizontally and unconformably on the Ardvallis at the 

northern end of the exposure. They occur fringing the margins 
of the Deccan Trap outliers in the neighbourhood of Jhabua City, 

but do not underlie the margin of the main basalt flow in this 
area. A few miles to the south the Lametas crop out between the 
Ar^valli rocks and the basalts. From this point they crop out 

almost without break ; and to the south of the Aravalli exposures 
they form platforms of large extent. Not only is the distribution 

peculiar, but so is the change in lithological character. The northern 
exposures are of the type previously referred to as Lameta; being 
described as generally calcareous, palejn colour, containing much sandy 
admixture, occasionally cherty, and with an uppermost layer character¬ 
ised hy well-rounded pebbles of quartz, quartzite, and bright red jasper 

{Rcc. Geol. StuiK Ind., XXXV, General Report for 190G, p. 55). 

As one follows the outcrop to the south, one finds a great in¬ 
crease in the conglomerate beds. Grits occur very frequently, and 

locally the rocks are entirely silicified and very cherty. In places 
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fosfliliferous, siliceous limestones were found and a few patches of 
true fossil-limestone were discovered. Among the fossils found 

were specimens of Rhynchonella, Terehratula^ OstreUy several genera 
of Lamellibranchiaia Gastropoda and Bryzoa (Walker). Thus, in 
this area a change similar to that described by Mr. Vredenburg in 
the Dhar Forestl—from beds of estuarine type (Lameta) to those 
of marine type (Bdgh) has been seen. 

Mr. Heron notes that near Dhandalpura a bed of coarse grit 
occurs which is burnt by the basalt capping it. This bed is in 
small gentle folds. Mr. Walker also remarks on an outcrop of 
Lameta limestone to the south of Piplade where dips of 4° were 
measured. Cases in which the Bfigh beds have been eroded2 
previous to the outflow of the ^Jjasalts, and in which the basalts 
rest immediately on the Ar^vallis and at a lower level than the 
surrounding Biigh beds, have been described (Walker). The base of 
the series has not been seen, but the maximum thickness developed 
in this area appears to be not more than 30 feet. 

64. Although the major portion of the area surveyed during the 
field season is occupied by Deccan 

Deccan rap. Trap, very little new information 

concerning these enormous masses has been obtained. Three 
beds of what appears to be fragmental volcanic ejecta were found 
intercalated with the normal basalts of the Deccan Trap. The 
uppermost one is near the top of Kukinda hill (Jhfibua State) at a 
height of 1,450 feet (Walker). The other two occur to the N.E. 
in the Pitlawad pargana of the Indore State. The upper one of 
these is at a height of 1,300 feet, is about 3 feet thick and is the 
middle member of the basalt series forming the small hills sur¬ 
rounding Bamnia Railway Station. The lower is to be met with in the 
bed of the Larki river at Pitlawad town and in neighbouring streams. 
The bed, which is between 4 and 5 feet thick, consists of small 
angular blocks of the normal vesicular and amygdaloidal basalt of 
the district, in a matrix of finer materials; the whole is ■ much 
decomposed, contains numerous cavities lined with calcite and 
various zeolites, and is in many places stained red and green. 
These two beds have been found at intervals over an area of about 
130 square miles, the approximate centre of which is Pitlawad Town.3 

1 General Report for 1902-!l, p. 20. 
2 Geology of India, 2nd Ed., p. 276. 
8 1^. MiddlomisA thinks the agglomcratic character of these beds may have been 

ac^red by moyement in a partially and irregularly consolidated flow of trap. 
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A small leiitioular sill of quartz-felsite was found near Banri 

(Walker). An interesting dyke was found at Fatbarli. The dyke- 
rook is an augite-plagiocloae rock and shows ophitio structure (Heron), 

Olivine has not been met with during the course of the season’s 
work. 

65, Except on the Malwa plateau the rivers and streams run for 

Alluvium and Soil. 
the most part in rocky beds with 
local banks of drifts pebbles, and 

pebbly conglomerates. In places along the Mahi river shelves 
of alluvium 20 feet in thickness are to be found. On the Malwa 

plateau the streams run most frequently between banks of cotton 

soil and kankar-gravel. The soil on the Ardvallis and Lametas 
is thin and poor and exceedingly quartzitic. The phyllites give 

thicker and more argillaceous soil, but this is usually impoverished 
by the admixture of large quantities of quartz. On the slopes of 

the ghdts the soil is red and scanty, and thickly littered with trap 
fragments. In the flatter valleys and on the Malwa plateau there 
is usually a fair thickness of grey and black cotton soil. To the 

north and east of Rutlam town the soil is very thick and there Ate 
few rock exposures. However, water can be obtained from wells 

at depths between 30 and 40* feet, even at the end of the dry 

season (Heron). 

66. The examination of the previously named portions of the Indore 
and Rutlam States has shown that there 

Economic Geology. deposits of minerals of economic 

value; and concerning Jh4bua State it has been found that the 
Arfivalli series includes the only rocks that carry mineral deposits. 

67. The undermentioned known deposits were visited :—At Amlamfil 

Manganese-ore. 
the manganese-ore occurs as psilomelane 

in a fine-grained spessartite-quartz-rock. 
The lode is thin and is ill-defined and the ore is mixed with quartz. 
The manganese-ore at Tumdia is found in veins and lenticles of 
white quartz, the surrounding rocks being sericitoid phyllites. The 
ore-bearing band is between 2 and 3 feet in thickness and about 
200 yards long. In parts the ore is good, but on the whole is 
too quartzitic. 

At Pipal Kotha, which lies midway between the manganese 
mines of K4jlidongri and Rambhapur, there are two outcrops, in 
line, of a pale-lavender coloured quartzite carrying an ore band of 

psilomelai^e mixed with pyrolusite. The outcrop is never pior^ 
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than one yard wide and the total length exposed is about 100 
yards. The ore is of good quality, but there is too large a per¬ 
centage of quartz for the deposit to be of economic value. Two 

deposits of manganese-ore and one of an iron-manganese-ore were 
found in the Pitol district. All of these are small and poor in quality. 
Traces of manganese-ore were found in five other places. 

These were usually pyrolusite in the white quartz veins of the 

phyllite series. ^ 
68. Reported deposits of mica occurring near Kands and Riindpur 

were found to be derived from medium- 

grained pegmatite veins. They are of 
no value. 

69. The ironstone deposit at Piplade, and also that in the San<4,r 
river between Parwet and Gadwara, are 

Iron-ore. small and of too low a quality to 

admit of successful working" 

70. A supposed China-clay from Riindpur is a fine-grained, white, 

siliceous limestone. 

71. The eastern area surveyed by Sub-Assistant M. M. Ry. Sethu 
Rama Rau lies entirely within lat. 22° 

Eastern area. 30'—23° 30'and long. 75° 30'—76° 30', 

and is contained in the Mehidpur, Indore and Nimawar districts of the 

state of Indore. It embraces irregular areas of the Malwa plateau of 
Deccan Trap stretching north and north-east of Mhow, and a narrower 
area to the east of Mhow, where the Malwa plateau descends in a 

southerly direction by three fairly well-marked terraces or scarps 

to the lowlands of the Narbada valley. The range of altitudq is 
between 2,100 and 950 feet. It is only in the area to the east 
of Mhow that formations older than the Deccan Trap emerge from 

beneath the latter in the wide valley of the Narbada. ■' 

72. The older formations form part of the same complex which 
further west has been recently mapped in 

Older ff^mations : detail by Messrs. Vredenburg and Fermor 
Arelieean, Bnawar and /« n i t> n i q j: t j* Vindliyan. General Report, Geol. Surv. of Indi^ 

for 1902-1903, p. 20), following on the older 
survey of Blanford {Mem. Geol Surv. Ind., Vol. VI, Pt. 3, 1869) and Bose 

{Mem. G, 8. Vol. XXI, Pt. 1). Of these the Archseans are represented 
by granitic and mottled hornblendic gneiss, and hornblende-chlorite 
schists, exposed to the east of Satwas and occupying the low coun¬ 

try between the base of the Deccan Trap and the Narbada river as 
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far as the limits of sheets 334 and 335 go in that direction; the 
foliation strike being N, 10® W.—S. 10® E. near Kathargaon and 

Bagda, but near the Narbada being nearly E.—W. The Archseans 

are traversed by many doleritio dykes which near Kathargaon gener* 
ally keep a direction N. W. —S. E. They are crystalline and 
fine-grained, and with semi-glassy selvages, and appear *to be differ¬ 

ent to the basalts, etc., of the Deccan Trap. Quartz veins also tra¬ 
verse the gneiss, in some of which, such as those at Tamkhan,! 

Conper-ore * copper pyrites with malachite alteration 
’ products are present, and also iron pyrites. 

The Tamkhan veins run N.—S. and are 4-5 feet thick and about 
i mile long. They are situated on the Narbada (lat. 22® 28' long. 
76° 62') and were quarried and smelted about 150—200 years ago 

by the ruling chiefs. The pits are now filled-in with fallen material 
and it was impossible to learn whether the whole of the ore-body 
had been worked out or not, but the sides of the vein seem to 
have been richer in pyrites than the middle. Other veins between 

Kharia and Jinwani (lat. 22® 19', long. 76° 45') also run nearly 
N,—S, and show tourmaline and a few copper stains, but pyrites is 

not seen in situ. The exposures were however very jungle-covered. 
No gold was found in these quartz veins. 

73. The Bijawars in sheets 334 and 335 occur firstly as inliers 

in the form of small hills rising from 
Bijawars. among the basal bed of the Deccan Trap, 

as seen in the neighbourhood of Sukras (22® 40', 76® 52'), and 

secondly further south forming an L-shaped outcrop among the 

Arohasans between Sendrani (22® 28'; 76® 40') and Piplia on the 

Narbada. The lower division, consisting of coarse and fine con¬ 
glomeratic quartzites, is exposed in the Sukras area, and the upper 

division of brecciated jaspideous quartzite and cherty limestones 

in the Sendrani-Piplia area. The upper division is said to lie un- 

conformably upon the Arohseans, but the brecciated bands, always 
found at the junction with the granitic gneisses in the southern 

area, might be understood to indicate an intrusive action of the 
Archaeans. The problem here appears to be a repetition of what 

is found in other parts of India where similar rocks occur; and the 

apparent irrationalities of the dip indications are also not in favour 

of a simple superposition theory for the Bijawars. 

> Refeired to by P. N, Bose, toe. 
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Deccnii Trap, etc. 

74. A system of sandstones, shales and conglomerates occur¬ 
ring as inliers among the basal bed of 

Vindhyans. the Deccan Trap, and also as a large con¬ 

nected outcrop to the west of Satwas, 
probably belong to the Vindhyan system, and perhaps to the ^Lower 
Vindhyans. They are inclined at moderate angles, generally towards 
the south-west. Their exact horizon is not yet clear. Bose has 
marked them as Upper Vindhyan, whilst Vredenburg has marked 
their western extension as lower Vindhyarf. 

75. As seen in sheet 324, the Deccan Trap begins with a lower¬ 

most bed which occupies the flat plains 
for several miles before the upper beds 

which compose the scarp appear. This lower bed makes no special 
orographical feature with the older rocks of the Vindhyans, Bijawars 
and Archsoans, above which it is described as lying unconformably, 
and without the intervention of any Lametas, such as occur in 

other neighbouring areas to the west. Above this the scarped edge 
of the Malwa plateau rises more than 1,000 feet in beds of softer 
and harder Deccan Trap, some of which are columnar, and some 
containing the usual geodes full of siliceous or zeolitic material. 
Deccan Trap occupies the rest of the country surveyed, with the 
exception of a very few cappings of laterite, some further exposures 

of the sub-recent calcareous concrete noticed in the last General 
Keport (Rec. Geol Surv. Ind., XXXV, 57), together with alluvial 
stretches in the valley systems, cotton soil and calcareous tufa. 

70. The Sendrani (22° 2ft'; 70° 40') iron ores were specially 
„ , . , ^ investigated, and the positions of the 
Seiulraiii Iron Ores, n • a a old mines recorded on the map by bethu 

Rama Ran. The ores were found to be exposed in ancient pits 
at several places scattered over the Bijawar area to the south and 
south-east of Satwas, and also along the junction between the 
Bijawars and the Vindhyans. The original rock appears to have 
been a hsematitic shale at the base of the latter, but the ore 
also occurs lining hollows and fissures in the underlying Bijawar 
breccia, from which it has again been accumulated in the form of 
nodules and lumps scattered about in the disintegrated surface rook. 
In competition with imported iron the industry has gradually died 

out in later years. 
Central Provinces. 

77. During the field season Mr. P. N, Datta completed a survey 

of the previously unmapped areas in the Bhandara district. The 
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only features of geological interest deserving special mention are the 
large outcrops of post Vindhyan diabase, possibly connected with 
the Deccan Trap eruptions, and the sections which clearly show the 
great unconformity between the Vindhyan sandstones and the 
vertical beds of Dharwar schists below. No fossils were obtained 
from the Gondwana rocks exposed in Bhandara and adjoining parts 
of Chanda, and no new occurrences of valuable minerals were re¬ 
corded. 

Burma* 

78. Surveys carried out in the oilfields of Minbu, Magwe, 
Myingyan and Pakokku districts are referred to under Petroleum, 
while the exploratory work done in Mergui is reviewed under Tin-ore, 

79. The survey of the Northern Shan States was continued by 

Alorclierii Shan 
States, 

in Sheets 331 and 332 of 
along the valley of the 
tract north of Sheet 331 

Messrs. T. D. La Touche and J. Ooggin 
Brown during the field-season of 1906-07 

in two separate areas, (i) that comprised 
the one-inch Topographical Survey, lying 
Nam-Tu above Hsipaw, and including the 
ill which the silver-lead mines of Bavvdwin 

are situated, which has not. yet been siu'vcvcd on the one-inch 
scale ; and (ii) the hill ranges between the Shan plateau and the 
Salween, extending southwards from the Loi-len range E. of Lashio 
to the plains of Kehsi Mansam in the Southern Shan States, com¬ 
prised in Sheets 433, 434, 435, and 436 of the one-inch survey. 
The whole area mapped was about .3,300 square miles. 

80. The geology of the Nam-Tu valley had previously been 
studied by Messrs. Datta and Pilgrim, and to some extent bv 
Mr. LaTouche, but Mr. Datta had confined his attention mainly 
to the upper Palseozoic and Mesozoic rocks, and the discovery of 
hitherto unrecorded beds containing characteristic fossils has necessi¬ 
tated several changes in the mapping of the boundaries laid down 
by Mr. Pilgrim. The most interesting of these discoveries was that of 
a band containing graptolites, of the same type as those which had 
been found during the previous season in the Kehsi Mansam dis¬ 
trict, at the base of the Namhsim sandstones at Panghsapye, a 
village about 8 miles north-west of Hsipaw. These graptolites are 
of quite a different type from those of the Zebingyi beds, described 
by Mr. Cowper Reed in the Palceontolgia Indica, and belong to an 
older horizon, probably of Llandovery ago. The beds in which 
they are found immediately overlie a band of purple shales, which 
was formerly considered as the base of the Silurian Namhsim 
sandstones, but the discovery of this graptolite zone shows that 

1 
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the purple band must belong to the much greater thiokness of 
purple and grey shales found last year on the eastern flanks of 
the Loi Twang range in Kehsi Mansam, from which Ordovician 
trilobites were obtained. The purple band of Fanghsapy6 and 
the neighbourhood must therefore bo considered as the uppermost 
member of the Naungkangyi group of beds. There is no apparent 

unconformity in the Nam-Tu valley between the Naungkangyi beds, 
Purple band, Graptolite band, and Namhsim sandstones, and if the 
graptolites (which have not yet been examined by trained pal- 
eeontologist) should turn out to be Llandovery forms, we should have 
hero a complete succession from Lower Ordovician to Silurian strata. 

81. The Graptolite and Purple bands were traced , northwards 
from Panghsapye across Sheet 331 and were of great assistance in 
mapping the boundaries of the formations. The Purple band also 
extends from Panghsapy4 to the south-west as far as the head of 
the Gokteik Gorge, but the Graptolite band above it appears to be 
absent in this direction, or at any rate has not yet been detected* 
It is for this reason that the connection of the Purple band with 
the Naungkangyi beds below was not previously recognised. 

82.. Along the gorge of the Nam-Tu above Hsipaw the succes¬ 
sion of the rocks is normal, the Naungkangyi bods occurring along 
the slopes of the valley on the west side and in the bed of the 
river, followed at the base of the precipitous scarp on the east side 
by the Purple and Graptolite bands. These are succeeded by the 
Namhsim sandstones, which form the whole of the scarp overhanging 
the river, and are capped by the Plateau limestone, which forms a 
strip of undulating, high ground, parallel to the gorge, and in its 
turn disappears to the east beneath the red sandstones of the 
Namyau series, the dips throughout being easterly. But to the 
west of the river the Naungkangyi beds, instead of being followed 
by the older unfossiliferous rocks of the Ciiaimg-Magyi series, are 
found overlying, with apparent conformity, a series of sandstones 
in which Namhsim fossils, among others Orthonota and Encrinwus^ 
have been found. The boundary line is almost straight, running 
nearly due north and south, and it is evident that the Naungkangyis 
have been pushed up along the line of a fault above the sand¬ 
stones. Within a few miles to the west the dip of the sandstones 
becomes less, and their lower beds are found resting quite uncon- 
formably upon the upturned edges of the Chaung-Magyi rocks, en¬ 
tirely overlapping the Naungkangyis. 

83. 'The great fault mentioned above has been traced north¬ 
wards into the -Bawdwin area, where it inclines somewhat to the 
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west of north and, leaving the fossUiferous Paleeozoic rocks, traverses 
the rhyolitic tuffs and rhyolites of Bawdwin, which form the upper¬ 
most member of the Chaung-Magyi series. To the intense crushing 
and disturbance caused by this great dislocation is probably due 
the opportunity for the mineralization of the Bawdwin rocln. A 
separate report on this subject will be published in the Records, 

84. The geology of the hill-ranges east of the plateau, though in 
general sequence similar to that of the western portion of the Shan 
plateau, exhibits several important differences in detail. The low 
ground separating the various ranges is invariably occupied by the 
Plateau limestone, with an occasional outlier of the red Namyau 
sandstone, or of the Tertiary coal-measures, resting upon it. The 
limestone tracts invariably present the same aspect of undulating, 
thinly-wooded plateau, generally at a lower elevation than the older 
rocks forming the core of the ranges, but sometimes rising on their 
flanks into precipitous scarps facing the axis of the range, or in 
some cases arching completely over them, thus proving that the 
limestones participated in the orogenic movements resulting in the 
elevation of the ranges. The structure of these is similar in all 
cases, consisting of an elongated dome, more or less modified by ^ 
subsequent faulting. In the' centre of each dome is a core of an¬ 
cient rocks, belonging to the Chaung-Magyi series, and generally 
forming the highest elevations. The great mass of Loi Ling, the 
highest peak in the N. Shan States, rising to 8,771 feet above* the 
sea, is entirely formed of these rocks. Along the flanks of the 
core is found a zone occupied by the Lower Palesozoic fossiliferous 
rocks, but the facies of these in not quite the same as in the 
western sections. The Naungkangyis are reduced to a band of 
calcareous sandstones of no great thickness (with Rafinesquina and 
other characteristic fossils belonging to that group), whereas the 
thickness of the overlying purple shales is enormously increased. 
These latter beds in this area probably include a portion of the 
Kaungkangyi group of the western sections, since they contain 
Pliomera imangensis Reed, one of the characteristic trUobites of 
the Upper Naungkangyis, but the fossils from the purple beds have 
not yet been determined. They include many large l^ilobites be- 
lodging to the Asaphidm^ as well as Ampyz, Bronteua^ etc. 

85. The Graptolite band of Panghsapy4 has been found in 
several localities overlying the purple shales, and has helped con¬ 
siderably in unravelling the complicated structure of these ranges. 
The great development of sandstones (Namhsim sandstone) which 
succeeds it on the Nam-tu appears to be absent, but some marly 
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beds, which are found at the top of the sandstones in the west, are 
found in places immediately below the Plateau limestone, and ap¬ 
pear to be the only representatives of the Silurians in this area. 

86. At the top of the Chaung-Magyi series, and immediately 
underlying the Naungkangyi beds, a series of volcanic ash beds, 
with thin flows of rhyolite, were found in several localities among 
these ranges. These correspond closely, both in position and petro¬ 
logical characters, with the tuffs and rhyolites of Bawdwin. In 
some places a conglomerate of well-rolled pebbles occurs at their 
base, apparently shore deposits, accumulated in the interval between 
the consolidation of the Chaung-Magyi rocks and the beginning of 
the Naungkangyi epoch. The blocks of quartz-porphyry, noted 
by Dr. Noetling in the bed of the Namma river, in his account of 
the coalfields of the N. Shan States (Rec, Geol. Surv. Ind., Vol. 
XXIV, Pt. 2, p. 110) are derived from these beds, which occur 
at the crest of the range east of Lashio, on the north side of the 
Nampawng, a tributary of the Namma. 

87. As the survey of this area may be interrupted by urgent 
requests elsewhere, it may be desirable to summarise the chief 
stratigraphical results obtained by Mr. LaTouche and his colleagues. 
The geological reconnaissance has now been carried over 24 sheets 
of the one-inch map covering an area of 13,000 square miles, though 
much still remains to be done in working out the details of the 
geological structure of the plateau and its surroundings. 

The formations that have been identified by means of their 
fossils, with their European equivalents, are the following:— 

}jOcal names. Kuropean equivalents. 

Lato Tertiary freshwater silts with coal, Lashio 
Namma, etc, .... 

Naniyan beds,—Red sandstuiics with bands ol 
limestone near base 

Napeng Shales .... 
Fusulina and Productus Limestone 
plateau Limestone 
Zebingyi graptoiite beds , 
Konghsa Marls . . , , 
Naznhsim SandsUmes 
Panghsn[iye graptoIUe band 
Hwe Mawng Purple Shales 
Naungkangyi beds 
Chaung Magyi series , , , 
Archston sohists and gticissrs. 

Lato Plifjceno or Pleistocene. 

Jurassic (exact horizon not yet 
know'll), 

Rhtetic. 
Pormo- Carboniferous, 
Carboniferous and Devonian, 

► Silurian, 

^ Ordovician. 

7 Cambrian, 
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88. The Chaung-Mag3ri series is composed of slaty shales and 

quartzites, which may be of Cambrian age, but in which no fossils 

have as yet been found; these rocks rest upon the Archeean mica* 
schists and gneisses of the Euby-Mines District. 

89. In Ordovician and subsequent times the older rocks, the 

Archaean gneisses and mica-schists, with the Chaung-Magyi series, 

formed a tract of land, extending along the north-western border of 

the position now occupied by the Shan plateau, with perhaps a few 
islands, composed of similar rocks, to the south-east of the old 

coast line. Along the borders of these land areas the' Ordovician 

and Silurian rocks were deposited, followed by a great accumulation 

of reef deposits, now represented by the limestones covering the 

greater portion of the plateau, and extending to the south at least 

as far as Tenasserim. This period closed with the deposition of 

limestones containing FusuUna and Prodnctus, probably contemporan¬ 
eous with the Middle Productus Group of the Salt Range. 

90. The succeeding formation, the Napeng Shales, has been 

found to contain a peculiar fauna, consisting almost exclusively of 

Lamellibranchs, of Rhaetic age. These shales apparently filled up 

hollows in the Plateau limestone, either due to original inequalities 

in its surface, or to irregular solution of the limestone during the 

period that had elapsed since its deposition. Another break 

then occurs, diuring which denudation of the limestone took 
place, indicated by the presence of conglomerates, with pebbles de- 

I'ived from it, at the base of the succeeding formation. This latter, 

the Namyau series, consists of red sandstones, interstratified in their 

lower portion with bands of limestones containing Jurassic fossils. 

Hitherto no fossils have been found in the upper portion of this 
series, and it is uncertain whether any part of the Cretaceous period 

is represented. 

91. After the accumulation of the Namyau beds marine deposi¬ 

tion ceased entirely over the whole area, none of the lower or mid¬ 

dle Tertiary formations being present. In all probability the great 
earth-movements at the opening of the Tertiary period converted 

the whole of Burma east of the Irrawadi and Sittang valleys into 

dry land, subject to aerial denudation, and the Late Tertiary silts 

with coal, occupying a series of basins surrounding Loi Ling, the 

highest ground in the States, were evidently deposited after the 
main drainage features of the plateau had been marked out. In¬ 

deed, these beds of silt may be of Pleistocene, or even sub-recent age. 



56 Records of the Geological Survey of India. [VoL. XXXVII. 

92. It is somewhat surprising that igneous rocks are of extremely 
rare occurrence over the whole of this area. The ancient rocks 
near Mogok (Ruby-Mines) are traversed by great ban^ of granite, 
and there are indications of volcanic conditions, consisting of rhyo¬ 
lites and rhyolitic tuffs, along the borders of the Ordovician land 
surface ; but throughout the whole sequence of Palseozoic and Mesozoic 
strata there are no traces whatever of volcanic activity. In Ijate 
Tertiary times there was, however, a feeble manifestation of these 
agencies, for in one locality the silts were found to be traversed by 
dykes of basalt, resembling that of the sub-recent volcano of Haw- 
shuenshan, near Tengyueh (Mom’<*n), in south-west Yunnan. 

T. H. HOLLAND, 

Director, Geological Swrvey of India. 
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I.~INTEODUOTION. 

The present summary of returns for mineral production in India 
during 1907 covers the fourth year of the quinquennial period 

current since the issue of the Review of Mineral Production for 

1898 to 1903 {Records, Vol. XXXII, Pt. 2). 
A detailed statement of production and statistics regarding 

labour at the mines regulated by the Indian Mines Act has been 

published with the Annual Report of the Chief Inspector of Mines. 
It should be remembered that in this, as in other, Annual Reports, 
the Chief Inspector of Mines gives data for output and labour 

only for mines under the Act, and does not include statistics re¬ 
garding the production of mines in Native States, or of various 
minor products raised from superficial workings to which the Act 

has not yet been applied. In the present statement, however, 

the totals refer to the whole of India, including the protected 'States, 
and, so far as returns are obtainable, include the minor products 
reported by Local Governments and Political Agents. 

No change has been made in the grouping of the minerals 
adopted in previous statements. They are divided as follows:— 

Group I:—^Minerals for which approximately full returns are* 
obtainable, and 

Ofouq> II:—Minerals for which returns are admittedly incom¬ 
plete or only approximately estimated. 

Table 1.—Total Value of Minerals for which Returns of Production are 
available for the years 1904—1907, 

MINERAL. 1004 

1 

1905 
1 
1 

1906 
' 

1907 

Gold ..... 

£ 

2,366,079 

£ 

2,410.971 

£ 

2,230.284 

£ 

2,133,691 
Coal (a) . . . . 1,398,826 1,419,443 1,912,042 

674.238 
2,609,726 

Petroleum (a) . . . 473,971 604,203 610,015 
Salt (a) . . . . 441,392 420,901 434,076 
Saltpetre (b) ... 235,723 270,647 274,679 
ManganeRO*(»rc (6) . 129,632 435,268 689,830 
Mica (&).... 83,183 259,544 226,382 

On fried over 5,165 670 6,508,049 6,102,824 6,878,390 

(а) prices. 
(б) Export values. 
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BUNERAL. 1004 1906 1900 1907 

Brought forward 

i 
6,166.670 

i 
6,608,049 

i 
6,102,824 

i 
6.878,399 

Ruby, Sapphire and Spinel . 90,612 88,340 96,867 98,268 
Jadestone (6) . . . 4:i,946 43,474 64,433 49,043 
Graphite .... 16.726 10,890 10,009 7,387 
Iron-ore (a) . 11,442 13,828 11,344 13,381 
Xin-oro (a) , 8,363 9,917 13,799 11,882 
Chromite (a) . . . 4,137 3,482 7,188 9,099 
Diamonds .... 2,636 2.474 5,160 2,784 
Magnesite (a) , . . 3C] 650, 4S8 50 
Amber .... 838 946 709 386 

TOTAIi 
1 

5.334,611 

1 

5,687,949 7,071.868 

Although, during the past year, there has been again a fall 
in the value of gold produced, as well as 

in the case of the less valuable minerals, 
Production. , x • j ^ 

amber, diamonds, graphite, jadestone, 

magnesite, mica and tin-ore, there has been a very considerable, and 
more than compensating, rise in certain other cases. The total value 

for minerals of Group I produced in 1907 was £7,071,8(58, against the^ 

value of £6,312,821 in 1906, that is, an increase of £759,047 or 12 

per cent. During the past four years of the current quinquennial 

period, * the total value for minerals of Group I has consequently 

risen by 32*5 per cent. 

For the first time the value of coal exceeds that of gold, and 

the former now takes the leading place in the list of Indian min- 

. . erals. Although the total value reported 
£^j. fairly comparable to the figures 

returned for the previous years, the Chief 

Inspector of Mines, Mr. J. K. R. Wilson, has called my attention to the 

fact that, in the returns from many of the mines in Bengal, the values 

reported do not properly reflect the increased prices obtained during 

the year. On account of the existence of long-standing contracts, 

it is not to be expected that the high prices prevailing during 1907 

would produce an immediate corresponding effect on the total 

values; but, according to Mr. Wilson, it is evident also that many 

of the Managers misunderstand the meaning of the expression 

(а) Spot prices. 
(б) Export^values. 
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“pit-mouth value ”, and some of them have deducted the cost of 
raising coal from the prices obtained f.o.r., thtis, in efEect, returning 
as pit-mouth value only the profits obtained. Errors of this kind 
will be repaired, ao far as possible, in future years. 

It will be noticed that the value taken for manganese-ore has 
not risen in the same proportion as the production reported from 
the different provinces. Part of this is due to the fact that large 
stocks have been accumulated at some of the manganese mines; 
but, as stated before, the value adopted for manganese-ore is a 
purely artificial one, being assumed at the ports for cargoes not 
reported in actual value to be about £1 per ton. The values 
thus given for manganese-ore approximately reflect the increase 
in exports, but do not fairly gauge the value of the industry. 

There has been a remarkable increase in the number of con¬ 
cessions granted for prospecting and mining, mainly due to in¬ 
creased interest in manganese in Bombay and the Central Provinces. 
The total number granted in 1906 was a considerable advance oji 
those recorded for previous years ; but in 1907 the concessions grant¬ 
ed rose to 600, These figures refer only to concessions granted 
in lands in which the mineral rights have been reserved by Gov¬ 
ernment, and do not include the large numbers granted in States 
and in areas where the mineral rights have been conceded perman¬ 
ently with the surface ownership. Practically all the cotff-bearing 
land in Bengal comes under the latter category. 
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II.—MINERALS OP GROUP I. 

Chromite, 
Coal. 
Diamonds. 
Gold. 

Graphite. 
Iron-oro, 
Jadeite. 
Magnesite. 

Manganese-ore. 
Mica. 
Petroleum. 
Kuby, Sapphire and 

Spinel, 

Salt. 
Saltpetre. 
Tin. 

Chromite. 

There was again a marked increase in the production of chro* 
mite in Baluchistan, viz., from 4,375 tons in 1906 to 7,274 tons, 

valued at £9,699, in 1907. Table 2 gives the figures of production 

and value since the commencement of the chrome-mining industry 

in 1903. The total production to the end of 1907 is 18,201 tons. 

Three new mines were opened for chromite-mining during 1907, 

making a total of 19 mines in operation, employing daily an aver¬ 

age of 86 workers against 76 in the year 1906. 

Table 2.—Production of Chronvite in Baluchistan since the commeneemeni 

in 1903. 

e 

Year. Quantity. Value. Value per ton* »g 

Tons, £ Shillings. 

1903 . 248 327 23 0 

1904 . ... 3,696 4,137 23*0 

1905 . 3,482 26*7 
1900. 4,375 7,188 32-9 

1007 . 7,274 9,699 26*6 

Coal. 

The returns for 1907 show that the activity in coal-mining 
has again greatly increased, the total 

production having reached 11,147,339 tons, 

against 9,783,250 tons in 1906, an increase 

The average value of coal per ton at the 

2-15-0 (3«. lid.) to Es. 3-8-0 (4s. 8d.)—an 
increase which is slightly below the rise in sale prices during the year 

(Table 3). 

Total production, value 
and average price. 

of nearly 14 per cent, 

mines has risen from Es. 
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Table 3.—Production and Value of Coal during the years 1904—1907^ 

Yeah. Quantity. 

1 

Total Value at the Minos. 
1 

Average. Value per ton at 
the Mines. 

Statute Rvpee.s £ Rs. a. 8. 7, 
Tons. 

1904 8,216,706 2,09,82,407 1,398,826 2 9 3 5 
1905 8,417,7:19 2,]2,9L649 1.419,443 2 8 3 4 
1906 9.78S,250 2M,80,6o5 1,912,042 2 15 3 11 

1907 ii.U7.:m 3.91.45,900 2,009,726 3 8 4 8 

Table 4 shows the provincial production of coal for the past 
^ . . , , .. four years. It will be noticed that the 
ProT.iie.al pioduclion. 

tinuous expansion in the Bengal output, the other provinces showing 

unimportant variations. 

Table 4.—Provincial Production af Coal for the years 1904—1907. 

Tkovince. 

1 

j 1904 1905 1900 1907 

Statute Statute Statute Statute 
Tons. Tons. Tons. Tons. 

Baluchistan 49.867 41,725 42,164 42,488 
Bengal .... 7,0(J:5,6SO 7,234,103 8,617,820 9,993,348 
Burma . . . : 1,106 « • 1.222 9 9 
Central India 186,774 157,701 170,292 178,588 
Central Provinces . 139,027 147,265 92,848 134,088 
Eastern Bengal aim Assam 266,705 277,06.5 285,490 205,796 
Hyderabad .... 419,646 454,294 467,923 414,221 
Kashmir . . . • i 270 ••• • ■ • • 
Punjab .... 45,594 62,622 73,119 60,749 
Rajputana (Bikaner) 45,078 42,964 32,372 28,062 

Total 8,216,700 8,417,7:19 9,783,250 11,147,339 

Tables 5, 6 and 7 classify the production according to the geo- 

Geological ctelllcaflOB. ‘o'o-fooo Ae the whole 
of the production in Bengal is from 

Gondwana strata, the coal of this age gradually makes a larger 

fraction of the total production, amounting in 1907 to 96*17 per 
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cent, of the whole output. The production of Gondwana coal in 1907 
exceeded the total output of the whole of India for any previous 
year. 

Table. 5— Origin of Indian Coal raised during 190i—1907^ 

1004 1905 1906 1907 

Statute Statute Statute Statute 
Tons. Tons. Tons. Tons. 

From Gondwana conlficlds 7,808,027 7.99:L3d:i 9,348,883 10,720,245 

From Tertiary eoalfields 408,079 424,370 434,307 427,094 

TOTAL, Statute Tons 8,216,700 8,417,739 9,783,250 11,147.389 

Tntdl, Tout 8,343,561 8,552,42^ 9,940,24$ 2h325,$9$ 

Among the Gondwana fields, attention was drawn to the fact 
, that, in 11)06, the output of Jherria ex- 

Goiulwaiia hdds. 

ganj, which was previously the loading coalfield. In 1907, this 
load was increased, the Jherria field having produced nearly half 
the Gondwana coal raised in India. The only other point of 
special interest in connection with the Gondwana fields is the 
notable increase in the Central Provinces, due to rapid develop¬ 
ment of the iPench valley collieries. Systematic mining operations 
commenced n this field in 1905; the output jumped to 32,102 
tons in 1 *^^06, and agaiTi increased to 74,663 tons in 1907. The 
Pcnch valley is at present served. by a narrow-gauge railway only, 
but a broad-gauge connection between the Great Indian Peninsula 
Kailway system at Itarsi and the combined Bengal Nagpur and 
Great Indian Peninsula Railways at Nagpur has now been sanc¬ 
tioned. The completion of this line will open up a larger market 
for the Pencil valley coal; and, besides shortening the distance 
to the principal centres of consumption, the present disadvantage 

of a change in gauge will be avoided. 
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With regard to the fields of Tertiary coal, the only* areas calling;, 

* Tertiary coalfields, for remark are— 

(1) Makum, where there * has been a gradual increase in out- 
put, and 

(2) Bikaner, where, during the past four years, there haS been 
a decline. This decline, however, is due to the necessity 
of reorganising operations at Palana, the only colliery 
being worked in Rajputana, A large section of the 
mine having got on fire, has been walled off, and opera¬ 
tions have been directed mainly towards this protective 
measure and the reorganisation of the system of gal- 

* leries. It is antici2)ated that the work now in hand 
will be completed within the present year, and that a 
considerable increase in production will accordingly fol¬ 
low. Tlie material raised at Palana is in reality a lignite 
containing a high percentage of moisture; it, however, 
is used on the Jodhpur-Bikaner Railway and for the 
production of electric power in Bikaner city. 
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The external trade in coal shows for the past year a drop in 
-- ^ , exports, from over one million tons in 
Exports anil Imports. 658,145 tons in 1907 (table 8). 

At the same time there, has been a small increase in the amount 
of foreign coal imported into India, from 232,947 tons in 1906 to 
302,807 tons in 1907, The change in these figures is due to the 
increased demand for coal in India being even in excess of the 
largely increased production. Table 9 shows that, in 1907, the 
consumption of Indian coal in the country amounted to 94 per cent. 

*of the total output. 

Table 8.—Exports of Indian Coal and Coke during 1903—1907, 

Exported to 1003 1904 1905 1900 1907 

Tons. Tons. Tons. Tons. Tons. 

Aden . , . . 31,210 29,312 19,233 13.835 

Kant Africa 30,045 ■HI 16,034 13,532 7,787 

Oeylon .... 252,912 3(H),097 376,853 410,191 320,735 

Straits Scttlemcnla . 111,520 144,545 229,230 317.055 202,445 

Sumatra . 10,993 32,810 33,859 71,482 84,337 

Chinn 
ll.KV.I [ 81,702 i 133,752 11.200 

1 

Other Counlii(5S 
j 4,008 10,983 31,100 17,740 

TOTAL 441,948 602,810 783,033 1,002,951 658,145 

Table 9.—Relation of Consumption to Production of Coal during 

1904—1907, 

• Including Government Store-. 
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Table 10 shows a gradual increase in the consumption of both 
^ , Indian and foreign coal on the railways, 
Consumpgon^f Coal 3,398,080 tons. 

Of this total, 98*4 per cent, was of Indian 
origin, the proportion of the Indian production consumed on the 
railways being still about 30 per cent. 

Table 10.—Coal consumed on Indian Railways during the five years 
1903—1907. 

Yeau. 

Indian Coal. Foreign Coal. 

Total 
Consump¬ 

tion. Quantity. 
Per 

cevt. of 
Total. 

Per 
cent, of 
Indian 
output. 

Quantity. 
Per 

cent, of 
Total. 

• 
Ton.s. 

1 

Ton.s. 

1903 . • 2,203.889 99-2 29'6 
1 

17,696 0-8 2,221,685 

1904 . • 2.447,341 99'3 29*8 17,432 0'7 2,464,778 

1005 . 
1 1 

• 2,668,424 99‘3 '' 31-7 
1 

18,235 07 2,686,669 

1900 . • 2,878.281 98‘7 29*4 37,280 i V3 2,916,561 

1907 . ■ 3,343,210 98‘4 290 54.861 16 
! 

8,398,080 

Tables 11 to 16 briefly indicate the labour statistics on Indian 

Labour Statistics. coal mines. There has been an increase 
in the number of workers from 92,740 

in 1904 to 112,.502 employed on an average daily during 1907. 
With the gradual improvement in mining methods, there has been 
an increase in the output of coal per person employed, but a part 
of this apparent increase in efficiency is due to an improvement 
in the system of keeping statistics by the coal-mine Managers. 
The increase in the output per person employed below ground, 
as shown in table 12, is especially marked, for the improvements 
that have occurred in mining have mainly affected the system of 
under-ground working. During 1907, 73,191 persons were employed 
on an average daily below ground, the output of coal being over 
152 tons per person employed. This is still a low degree of 
efficiency compared to that of countries employing Etiropean labour; 
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but the low^ efficiency shown by the statistical method indicates 
one pleasing' feature in connection with Indian coal mines that does 
not appear in the returns; at present large numbers of women 
and children find congenial and light employment on the surface 
and in shallow workings; this feature of the coal-mining industry 
will be reduced with the increased use of machinery and the 
development of more strenuous methods less profitable and less 
pleasurable to many of the colliery workers. 

Table 11.—Oul'put of Coal per person employed al Mines during 
the years 1904—1907, 

w 

Year. 
Average dailj 
attendance of 

Workers. 
Output. 

Output per 
person 

employed, 

• 

Statute Tons. Statute Tons, 

1904 . » • • • 92,740 8.216,706 88-e 

1005 . % • • • # 80,995 8,417,739 93-5 

1906 . • • • • 09,188 9,783,250 

1907 . • • • • 112,602 11,147,339 99^1 

Table 12.—Output of Coal per person employed 
during 1904r~1907, 

Below Ground 

t 

1 
Year. 

Average Nnmbor 
of persons em¬ 

ployed daily 
below ground, 

Output, 
Output per 

person employed 
below ground. 

Statute TonH, Statute S^ns, 

1904 . • • • • 64,969 8,216,706 126'4 

1005 , • • • # 61,616 8,417,739 me 

1906 . t • • • 67,456 9,783,250 145'0 

1007 . • • • • 78,191 11,147,339 i59'a 
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The increfised dangers, due to deeper and more complex mining 
^ operations, have been attended by greater 

jO lei j (CU til S. efficiency in management throughout, with 

the result that the death-rate from colliery accidents shows no 
marked increase, and in 1007 was still at the low rate of ‘89 per 

thousand employed—a rate that compares favourably with all other 
coal-mining countries. The death-rate in the United Kingdom, 

during 1907, from accidents at mines under the Coal Mines Act, 
was 1 * 32 per thousand employed, while at metalliferous mines 
the rate was 1 '08, and inside pits and excavations under the 
Quarries Act 1*34 per thousand. Official figures for most foreign 
countries are not yet available beyond the year 1905, During 

that year, the average death-rate per thousand persons employed 
at coalmines was 1*34 for the British Empire and 2'40 for foreign 
Qountries, making an average for the coal mines of the world 
of 2'01 deaths per thousand persons employed, as compared with 
1'85 in 1904. In the United States, which is by far the largest 
coal-producing country in the world, the death-rate from colliery 
accidents per thousand persons employed was 3‘35 in 1904 and 
3'45 in 1905. According to F. L. Hoffman,^ the average rate at 

the coal mines of North America for the ten years 1897—1W6 

was 3'14 per 1,000. 

Table 13.'—Death-rate from Colliery Accidents, behw and above 
ground, during 1904—1907, 

I Average Number Dcftths from Daaih-raif per 
Year. of persons Accidents. I jQOO employed. 

employed. 

1904   02,740 C7 *7^ 

[905   80,906 172 ’80 

IJK)«. 09,138 99 >99 

.907  H2,502 101 ’89 

4 New York Eng, and Min, Journ,, Vol, 86, p. 34, Jan. 4th, 1908. 
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Table 14.—Cow/parison of Coal-Production and Deaths from Colliery 
Accidents in 1904—1907, 

1904 . 

1905 . 

1006 . 

1907 . 

Deaths from Tons of Coal 
Colliery AccI- Output of Cool. raisrd per per~ 

rtents. son kitled. 

122,687 

ltO,91S 

9S,S21 

110,360 

As in previous years there is a slightly higher death-rate from 

colliery accidents in Native States than in mines under the control 

ot the Indian Mines Act. During 1907, the death-rate per thou¬ 

sand at mines under the Act was only 0*80, while in Native States 
the rate was 1*22. The figures for the previous three years of 

the current quinquennial period are shown in table 15. 

Table 15.—Comparison of Death-rate from Accidents at Coal Mines 
worked under the Mines Act of 1901 with those in Native States 
during 1904—1907, 

1904 

1905 

1900 

1W)7 

Average number ot 
pernona employed 

daily. 

Mines 
under 

the Act. 

102,089 

Native 
ISiaies, 

82,002 10M3 

80,400 [0,498 

00,150 ■ 8,9^9 

9,813 

l)p.nlhs from Accu 
denis. 

the Act. 

Native 
States, 

Death-rate per 1,000 
j)crson.s cmi»loyed. 

Mines 
under 

the Act. 

07 . . 

Notwt 
States. 

1-12 

1*47 

2-n 

i-22 



72 Records of the Geological Survey of IndRa, [VoL. XXXVII. 

Diamonds. 
4 

It ia reported that a certain number of diamonds are picked 
up in the neighbourhood of Wajra Kar^r in the Anantapur district 
of the Madras Presidency, but no statistics are obtainable as to the 
actual production. 

The only figures returned for diamonds relate to the production 
in the States of Panna, Charkhari and Ajaigarh in Central India. 
The production for the past four years is shown in table l6, the 
output for 1907 being more nearly in agreement with the average 
for past years. The daily average attendance of the workers on 
the diamond fields is returned as 1,084 in 1907, against 2,051 during 
1906. 

TABiiE 16.—Production of Diamonds in Central India, 

Qiiantil-y. 

Carats. 
904 . 2S(i-48 
006 . 172*41 
906 . 305*91 

1907 . 028 *00 

Gold. 
The figures for gold production are shown in table 17, It will 

bo noticed that, during the past three years, there has been a 
slight decline in the output from the Mysore gold mines which, 
however, still dominate the total. Work in the Dharwar area 
appears to have passed the prospecting stage, the production in 
1907 being valued at £18,634. There has also been an increase 
in the amount of gold obtained by alluvial dredging in the Upper 
Irrawaddy river, Burma. The company operating in this area re¬ 
ceived sanction during the year to alter the boundaries of its con¬ 
cession, relinquishing the lower 15 miles of the area leased in ex¬ 
change for an equivalent-stretch divided between the two tributary 
rivers about the confluence. 

The output of gold from the Hutti mines in the Nizam’s Do¬ 
minions is shown separately in table 18. During the past three 
years, the production has been valued at a little over £50,000 per 
annum, and the total output since operations commenced in 1903 
is valued at £280,206. 

Wilup, 

2.636 
2,474 
5,160 
2,784 

Yeah. 
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Tablj: 18.—Outfut of Gold from the Hutti Mine, Hyderabad, 

Ykar. Qimiitily. 

1003 . 

Oinicoa 

3,800 

£ 

14,BOS 
.. 10,550 40,024 
1905 . 13,107 50OS0 
1900. 13,784 52,801 
1907 . 13,38.3 50,210 

Totat. 54,702 208,206 

Graphite. 

The graphite deposits in Travancore State are still the only 

occurrences of the mineral which are being w'orked systematically. 

The annual output varies between 2,000 and t‘J,000 tons, but the 

value returned for 1007 was distinctly lower than the reported 

value of previous years, amounting only to £7,387. The yearly 

figures arc shown in tabic 19. The average number of persona 

employed daily at the Travancorc graphite mines was 485 in 1907 

as against 494 in the previous year. 

Table 19.—Production of Graphite during 1904—1907, 

Ykar. Quantity. Valur. 

'fon.s. £ 

1004 ........ 3,250 i 16.720 
1905 ........ 2,324 16.800 
1900 . 2,t>00 10,009 
1907 . 2,433 7,387 

Iron-Ore. 

■ ^ There was again a decrease in the output of iron-ore during 

1907, the total amount raised being 67,G67 tons compared with 

74,120 tons in 1906. In consequence, however, of the exploita¬ 

tion of the richer iron-ore deposits in the Singhbhum area, the 

value returned for 1907 was greater than that reported during the 

year before. The year 1907 marks what will probably be an im 
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portant stage in the history of iron-manufacture in India, for, 
during^the month of July a new company was floated at Bombay, 
known as the Tata Iron and Steel Company, Limited, with a capital of 

crores of rupees. The company has secured the lease of 20 
square miles of iron-ore lands in the Mourbhanj State, Orissa, 
and a considerable area in the Raipur district of the Central Pro¬ 
vinces. As a site for the new works, 22 square miles of land 
have been secured in the Dhalbhum estate at the junction of the 
Subarnarekha and Khorkai rivers near Kalimati on the Bengal 
Nagpur Railway. Sanction has been given for the construction 
of a railway from the works near Kalimati to the ore-fields in 
Mourbhanj, and land has been purchased in the Jherria coalfield 
for the development of the necessary collieries, while limestone 
quarries have been secured in the Jubbulpore district. Consider¬ 
able progress has been made in preparing the site for the erec¬ 
tion of blast-furnaces and steel-rolling mills, and it is expected that 
actual production will commence early in 1910. Hitherto, the only 
successful iron-smelting works in India, conducted on European 
lines, have been those belonging to the Bengal Iron and Steel 
Company at Barakar in Bengal. The production of the latter company 
is limited to pig-irun, although an experiment was made in steel- 
manufacture in 1906. The Tata Company, however, proposes to 
make steel production its chief object. 

The ancient industry of producing malleable iron in small bloom- 
eries is more persistent in the Central Provinces than most other 
areas. During 1907, 451 small furnaces were at work, but the 
amount of iron turned out cannot be estimated with any precision. 

Tablk 20.—Quantity and Value of Iron-ore raised during t^ 
years 1904—1907. 

Pbovinoe. 

1904 1905 1900 
1 

1 
1907 

Quan¬ 
tity. Value. Quan¬ 

tity. 
Valiu\ 

1 

Quan¬ 
tity. , Value. 

1 

1 

Quan¬ 
tity. Value. 

Tons £ Tons £ Tons £ Tons £ 
Bengal 16 9,€93 97.008 12.5SS 09,397 10,085 05,624 12,810 
Other Provinces nnd 

States 0,641 

_t. 

1.744 4,s;i7 1.290 4,723 1.259 2,143* 571 

TOTAL, Statnto 1 1 j 
^ Tons and £ 71>6£G 109,535 13,S2S 74,120 11,344 67,6«» 13 381 

ToUilt Meltic Tone. 72,802 ■ 75,306 1 

• Exclusive of the product'on in Mysore not yet reported (July Uth» 1908). 
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J adeite. 

According to returns furnished by the Deputy CommiBsioner 
of Mjdtkyina district in Upper Burma, the j adeite raised during 
1907 amounted to 3,690 cwts., valued locally at £1^,998. The 
average daily attendance of workers occupied with this industry 
was 1,356 during the year 1907. Part of the jadeite produced 
in Upper Burma is absorbed locally, part of it is carried overland 
into the markets of south-west China, and the remainder goes 
through the port of Rangoon mainly for the Chinese market. Table 
21 shows the quantity and value of jadeite exported through 
Rangoon during the past five years. The average amount is 
returned as 2,521 cwts., valued at £50,416, thus showing an aver¬ 
age value per cwt. of £20. A detailed account of the gcologi-. 
cal relationships of the Myitkyina jadeite, by Dr. A. W, G, Bleeck, 
is published in Records, Vol. XXXVI, Part 4. A summary of 
Dr. Bleeck^s results is given in the General Report for 1907 (5Wpm, 
p. 16). 

Table 21.—jBxporis o/ Jadesione through Rangoon 
during the years 1903—1907. 

Ybab. Weight. Valve. 1 Value per cwc. 
1 

Cwts £ £ 

1003 . 0 2,192 50MS2 
( 

23-08 
1 

1904 . • • • • 
1 

2,809 43M6 
i 

15-32 
1 

1905 . • • • • 2,312 43.474 1 
1 

IS-56 

190G . • • * 2,500 64,433 25-11 

1907 . • • • w 2,636 49,643 IS-83 

Arerage . t 2,521 60,4^6 20-00 

Magnesite. 

The only occurrence of magnesite being worked is that \>i the 
Chalk Hills near Salem, Madras Presidency. jThe quantity raised 
during 1907 was considerably less than in the previous three years 
of the current quinquennial period, and the Company has evi¬ 
dently not yet found a full outlet for the remarkably pu i e mineral 
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it is able to raise. The figures for output and value are shown 
in table 22. A lease for mining magnesite has been granted in 
Earuppur and three other villages in the Salem distriot, but no 
work has so far been done in this new area. Prospecting opera¬ 
tions have also been undertaken in parts of Mysore State, where 
magnesite occurs a^s an alteration product of peridotite rooks. A 
considerable development of these rocks with magnesite occurs 
near Seringala, north of Fraserpet in Coorg, but the area is far 

from the railway systems. 

Table 22.—Prodtiotion of Magnesite in the Chalk Hills near Salem 
during 1904—1907. 

•> 

Yjeau. Quantity. Volue. (a) 

1 

1 Tons, £ 

1004 1,315 351 

1003 .......a 2,003 550 

1900 . 1.832 488 

1907 . 180 ' 60 

(«) VaJuo estimated at Rs. 4 a ton for <all years, 

Manganese-ore. 

The conspicuous increase in the production of manganese-ore 
during 190G was overshadowed by a still larger output in 1907. 
The high prices prevailing during the earlier part of the year began 
to drop rapidly towards the end, and, before December, the mar¬ 
ket rates for first-grade manganese-ore carrying over 50 per cent, of the 
metal had fallen below Is. a unit. There has, consequently, been 
a check in the production in most areas and an almost complete 
cessation of mining for tlie lower grades of ore at mines far re¬ 
moved from the railways. The total production reported for 1907 
reached the extraordinary figure of 898,345 tons, against the pre¬ 
vious record of 495,730 tons during 1906. The returns for 1907 
show an export of only 681,035 tons of ore. It thus appears 
probable that considerable stocks have been accumulated at the mines. 

The average number of persons employed daily at manganese 
mines under the control of the Indian Mines Act was 18,761 
ip 1907 as against 11,273 in 1906, The provincial production of 
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manganese-ore for the past four years is*shown in table 23, from 

which it will be seen that the mines in the Central Provinces 
have considerably increased their lea<l over those in the other 
provinces. The district production of manganese-ore in the Cen¬ 

tral Provinces is shown in table 23(A), showing that by far the 

largest output was obtained from the Bhandara district. 

Tablk 23.—Production of Manganese-ore for 1904—1907. 

Province. 19(*4 1905 1900 1907 

Bengal 

Bombay 

Central India 

Central Provitiecs 

Madras 

TOTAL, Statute Tons 

TotftL Mdric Tonn 

»Statiite 
'PonH. 

11,504 

Sr>,031 

5:{,009 

150,207 

ir)2,70S 

Statute 
Tons. 

30,251 

159,950 

0.3,095 

253,806 

2ri7M0 

Statute 
Tons. 

7,517 

r»0,074 

320.759 

117,380 

405,780 

r,o:s,(jS4 

Statiito 
Tons. 

2,000 

22,125 

35,743 

080,572 

151,890 

■ .346(0) 

VI 2,7 IS 

(a) Inriiiding 15 tons extivurted in Lis Hela, Baluchistan, under a. prospecting 
license. 

Table 23(A).—Production of Manganesc-orv in the Central Provinces 
during the year 1907, 

I'V >111 UiinoR 
under the In¬ 

dian jM ines Act. 

Kioni ininca that j 

Disteiot. do not coiiip, 
under the In¬ 

dian Mines Act. 

! Total. 

Statute Tons. Stjitutc Tons. Statute Toii.s. 

Balaghat ♦ « 1 
1 

101,047 0,000 167,713 

Bhandara • • 
i 1 

. ! I 141,183 1U ,005 285,248 

Chhlxidwara . • • 
1 

• 1 12,408 12,408 24,986 

Nagpur • m • ( 
> 

181,875 26,800 208,676 
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Mica. 

The filial figures for the provincial production of mica have not 
yet been received, but the export returns show a considerable 
drop in the quantity sent out of India, with a similar decline in 
the total value. The value for 1907, however, is considerably 
greater than that reported in any previous year except 1906, and 
the average value of a cwt., viz., £5-8-0, shows that a better 

quality of mica was exported during the year than in any previous 
years. 

Table 24,—Exports of Mica during the five years 1903—1907. 

Year. Weight. Value per cwt. 

Cwt. £ £ 

1903 . 22,100 90,297 4*09 

1904 . 18,250 83,183 4*56 

1905 . ... 25.S37 142,008 5-60 

1900. 54,262 259,543 4'7S 
i 

1907 .1 39,055 226,382 
\ 

5*80 

Table 25,—Provincial Production of Mica for 190i—1907. 

Provinc'E. i9;)i 
1 

1905 
1 

1906 1907 

( wU. Cwts. Cwts. 

Bengal .... 16,520 ) 1,601 22,300 28,579 

Madras ... 4.840 8,280 24,420 
1 

Rnjputaiiu .... S04 2,760 5,703 7,769 

TOTAL 1 ££,164 25,641 6£,543 

Petroleum. 

There was a satisfactory increase in the production of petroleum 
during the year, the total (152,045,677 gallons) being greater than 
any production previously reported. The figures for the past 
four years are shown in table 26, from which it will be seen that 
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there has been an increase in all three producing provinces, al¬ 

though obviously changes in Assam and the Punjab are unimport¬ 

ant compared to the variations in Burma. 

Table 26.—Production of Petroleum during 1904—1907. 

Province. 

BuTLna . * . 

Eastern Bong.il and As am 

Punjab 

TOTAL 

1904 

Gallons. 

2,585.020 

8 

1905 

Gallons. 

2,733,110 

1906 1907 

Gallons. Gallons. 

137,664.201 118,888,002 

2,897,990 3,166.665 

871 1,010 

In table 27, the district production of the Burma oil-fields is 

shown for the past four years. It will be noticed that there has 
been a serious decline in the output 

Burma Oil-fields* from the Yenangyat field in the Pakokku 

district, but considerable increases are shown in the Singu field 

of Myingyan and Yenangyaung in Magwe. The total production 
in Burma during 1907 was nearly 149 million gallons. The aver¬ 
age number of persons employed daily on the Burma oil.fields 

was 2,380 in 1907, against 1,837 in 1906. 

Table 27.—Production of the Burma Oil-fields for 1904—1907, 

OlL-PlELD AND DlS- 
TRICT. 

Akyab . 

Kyaukphyu 

Yenangyaung, Mogwo 

Singu, Myingy.xn 

Ycnnngyat, Pnkokkii 

Thnyetinyo 

TOTAL 

1904 

Qallons. 

47.082 

89,827 

73,428,960 

23,077.450 

18,660,485 

1906 

115,903,804 

1905 

G'al!ou3. 

53,456 

60,647 

85,048.749 

37,541.177 : 

18.760.818 

142,063,846 187,654,261 

Gallons. 

28,877 

49,687 

96,867,619 

43,643.506 

8,407,826 

028 

148,888,002 
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The imports and exports of mineral oil and paraffin wax are 

Imports and Exports. 
shown in tables 28 and 29. It will be 
noticed that, in consequence of the re¬ 

sumption of more normal conditions in Russia, kerosene of Russian 
origin has again been imported in considerable quantities, the total 
amount of kerosene imported during 1907 having risen to the figure 
reported for 1905. The combined production and importation of 
mineral oil is greatly in excess of that recordfed for previous years, 
but is not entirely due to consumption in the country, as large 
quantities of liquid fuel prepared in Burma have also been exported. 

Table 28.—Imports of Kerosene during the five years 1903—1907. 

Imported from 1903 1904 1905 j 
1 

1906 ' ,1907 1 1 

Gallons. GallonH. 
1 

. Gallons. 
1 

Gallons. 

1 

Gallons. 1 

Uus.sia • 05,434,324 42,2.50.738 17,205.175 • • 10,509,817 

United Stales , 7.588,509 7,028.275 18,737.577 28.494,794 22,4<»9,053 

Borneo ^ , 1,078,719 6,931,291 7,039,812 1,795,715 0,577,820 

Straits Settle¬ 
ments . 

$ 

1,280,507 8,985,538 12,508,844 ; 8,499,198 

\ 

6,805,864 

Sumatra . 974,981 3,600,019 0,810,991 ; 9,733.349 3,951.321 

Otlier Countries 4,479 1,222.397 

1 

10,303 : 7,638 11,903,165 

TOTAL 76,361,579 

' 

70,590,858 62,324,782 ; 
1 

1 

48,530,694 
i 
t 

62,307,046 

Table 29.—Exports of Mineral Oil and Paraffin Wax 
during the five years 1903—1907. 

' : ] 
Y KAR. Mineral oil. Paraffin wax. 

Qollons, Cwts. 

1903 . 747,834 43,200 

1004 . 3,787,077 42,040 

1905 . 2,422,589 03,900 

903,546 01,097 

1,764,076 70,075 

1906 . 

1907 . 
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Ruby, Sapphire and Spinel. 
M 

The total value of rubies, sapphires and sj)iuels produced dur¬ 

ing the year amounted to £98,258, rubies aloT»e being valued at 

£9;b428. More extended work was carried (»ii at the sapphire 

mines in Kashmir^ and large quantities of lower quality stones 

were obtained in addition to a few stones of very high value. 

The total value of the stones recovered in Kashmir during 1907 

was estimated to be £3,1 dl. In the ruby mines districts of 

lb)per Ibirma. 2,188 })ersons were employed on an average daily during 

1907, against 2,307 in 1000. 

Table 30.—Production of Ruhy, Sapphire and Spinel 

during the years 1904—1907. 

rnOVJNTK. 

loot. 1 100.^. ! 
1 

i 

1000. 
1 

1907. 

Quantity 

1 

Vnlar, Qua ntity TV//»r. 

1 1 

1 Carat'S. ' 1 £ 
j 

Carats, 

1 

! £ 
1 

Carats. £ 
1 

Carats. , £ 

' 2(>.L0I>1 90,612 200,.58^ SS,340 
1 1 

320,85;-) 95,340 334,535 95,114 

K.i'^hiuir • 9 • % 

1 

• • 

( i 

1 

i * * 
1 

1 

. 2,837 
1 

1,327 305.082 3J44 

Total, f5ar<its i 
an^l C . ; 

1 
:>er>,0;u 90,612- 20(>.5S1 ' 

1 
1 

8SM0 320,002 
1 

06,367 010.217 98,258 
1 

Salt. 

During the past four years the prod’’ " of salt has been 

well in excess of the average for previous years, although for 1907 

the total, 1,193,168 tons, was below those of 1905 and 1906. 

Table 31 shows the provincial returns for the past four years. 

The figures for rock-salt, shown separately in table 32, indicate 

no important change. 
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Tablk 31.—Provincial Production of Salt during 1904—1907^ 

PaoviNOJs. 1904. lO-OO. 1900. IW. 

Statute Tons. 

( 

Statute Ton«. Stiltutc Ton^^. ^taliile Tons. 

Acleu- . . . . • 00,007 07,727 07.535 90.385 

Bengal • 8S 3 01 20 

Bombay 4:^{),409 425,099 390,535 385,441 

Burma • 2U:W7 23,132 20,847 30,022 

Gwalior State • 37 J S4 249 189 

Madras • .3507,fi31 3SS.OI0 112.717 353,271 

Northern India 2S2.421 ;u2.]oo * 312.559 
i ^ 

320,080 

Sind . , . . • 13.040 14,2^-,' n,777 
• 

l3.Hr, 
• 

TOTAL, Statute Tons • 1,171,060 I,2»l,137 1.225^280 • 1,193,168 

Totulf Metric Tuns • 3,1SS *J(Xt 1 Bit .sr,6 7.3/2,258 
\ 

Table 32.— Production of Rock-Salt during 1901—1907^ 

■ loot. 1905. 1900. 1907. 

Stiitiito Ton*^. Statute 'roii.'^. Statute 'roll?. Statute TmP. 

Salt Range, Pimjub 107,403 91,04S 107,194 101.779 

Kuhat • 10,001 14,807 13.430 ! 7.228 

Mandi . ... • t.r707 3,571 3.009 t,085 

TOTAL, Statute Tons • 

t 

128,574 ’ 1 112,516 124,239 123,092 

• Total, Metric Tons • lS0,0Bo 114,mo 120,238 128,001 

Saltpetre. 

The figures for export by sea are accepted in these annual 
statements as a sufficient indication of the saltpetre industry. 
The comparatively small quantities involved in trans-frontier trade 

G 2 
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will be taken into account in the Quinquennial Review, No de¬ 
finite change in the trade is shown by the figures for the past 
five years, though the average amount exported, 364,305 cwts., is 
below the average for the preceding five years. 

Table 33.—Exports of Saltpetre during the five years 1903—1907. 

Veas. Weight. Valve. Viilue per cwt. 

1 

1903 . 

Cwta, 

412,593 

£ 

290,190 

Shillings. 

14-1 

1901 . • . ... 390,970 266,349 13-0 

1005 . 313,122 235,723 15-1 

1000. 347,251 270,647 15-0 

1907 . 357,689 274,679 15-4 

A wrnq*: 304,305 267,499 14-C 

Tin-ore. 

The returns for production show no material change in the 
tin-mining industry in South Burma. During the past two years, 
however, concessions have been granted for mining on European 
lines, and attempts are being made to treat the alluvial deposits 
by hydraulic mining. A geological survey of the Mergui district, 
commenced during 1907, shows that tin-ore is very widely distri¬ 
buted, and, although apparently not concentrated into very rich 
deposits, there should be material available for a much larger in¬ 
dustry than that which now continues in an uncertain way by 
unsystematic “ washings ” conducted mainly by Chinese immigrants. 
Any information regarding the mineral resources of a district Bo 
thickly clothed with jungle-vegetation and rock decomposition pro¬ 
ducts must necessarily be without precision, but enough is exposed 
to show that the country is highly mineralised along the contact zone 
between the older sedimentary 'rocks and the intruded masses of 
granite. Details should be available before the Quinquennial Review, 
to be issued next year, is closed. 
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Tabi^k 34.—Production of Tin-ore in Burma during 1904—1907, 

Year. , Qunutity. Valm:, 

1 Cwte. £ 

1004 • . . 1,414 8,S53 

1005 •■■■■■• 1,627 9,916 

1006 . 1.010 18J99 

1007 1.584 11,882 
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III. MINERALS OF GROUP II. 

The following notes deal with minerals for which returns of 

production are obtainable in certain areas only, 

. The figures for alum production in the Mianwali district, Pun- 

jab, arc shown in table 35. The great 

variations from year to year show that 

the industry is far from “ established ” , and consequently a spe¬ 

cial survey of the conditions governing the manufacture of alum in 

this district 1ms been undertake]!. The results of this investiga¬ 

tion will i^robably be ready befoni the close of the present year. 

Tauli^ 35.—Production of Alum in Miamvali Distfict 
during 1901—1907, 

Y lau. Quantity. Valu*'. 

£ 

1004 , . ... 2.5SO 700 

. 7,120 2 OiiS 

lOOO. 11.022 4M00 

1007 . r».r>i [ 2,r)00 . 

Alum is produced iji a small way and fitful manner in other 

distiicts, but tlie total production is sinall compared to the con¬ 

sumption, and consequently largti quantities of alum are imported 

from Europe. During the past three years the amount of alum 

imported has ranged about 70,000 cwts. with an annual value of 

Amber. 

£20,(X)0, • 

The amber produced in the Myitkyina district of Upper Burma 

amounted in 1007 to 14 cwts. only, 

vaJue<i locally at £385. 

Borax is not ])roduccd within Ihitish territory, but the min¬ 

eral is of interest on a(;count of the fact 

tlnit tli<^ principal j)ait of the mineral 

pr(»duced on tlie other side of the; Til)etan frontier is brought into 

India, and much of it in this way is passed into foreign markets. 

lioniA. 
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There was a larger export than usual in 1907, amounting to 7,340 

cwts., valued at £10,002, against an average export of 5,135 cwts., 

valued at £6,866, for the past five years, and 4,481 cwts. for the 
preceding five years. The amount exported by sea is not a third 

of the quantity brought across the frontier. 

Table 36.—Exports of Borax during the five years 1903—1907. 

Y l?AR. 

i 
\ 1 
1 

1 

1 

1 

VVoigM. •
 Value per cwt. 

/ 

1 
1 

i ^ Shillings. 

1903 » • 
1 
1 

( 
.'5,074 7,797 27-5 

1904 • k • ' 1 4,240 ^,JJ0 25*5 

1905 • • • 
) 

. 1 1 4,19H rjMO 25'0 

1900 
1 

. 1 4,220 
i 
' 5,SOS 27*2 

1907 . t 7,340 ! 
1 

10,002 27*2 

Avt‘rn% 1 5,/55 6M0 ' ^26'7 

Riiildiug: Stone. 

Building stone of all sorts is raised in most districts outside 
the great alluvial tracts, but only rough 

estimates of quantities are generally ob¬ 

tainable. Retiirns are, however, regularly kej)t for the important 

industry of quarrying the fine Vindhyan sandstones of the Mirza- 

pur district, where the production in 1907 amounted to 103,514 
tons, valued at £12,458, against 101,745 tons, valued at £12,690, 

in 1906. 

The well-known corundum deposits of Pipra in Rewa have 
been attacked by prospectors, and dur¬ 

ing the year 28 tons of the mineral 

were taken out for experimental purposes. 

No important chaiigef^ have been recorded in the garnet-mining 
industry of Jaipur and Kishengarh in 

Rajputana. The returns for 1907 show 

a total production of 90 cwts., valued at £759. 

Corundum. 

iiaruet. 
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Limestone is raised in many districts of India and Burma, 

,. ^ some of it quarried from massive forma- 
lil lilies tOIiCe .• I'l ii 1*^*1* X t 

tions like the nummuJitic limestone of 
Assam and the North-West Himalayas, and the Vindhyan beds 

quarried at Kutni in Jubbulpore and Sutna in Bewa. Output 

returns arc obtained yearly from certain of the provinces only. 

The production in Burma during 1907 amounted to 28,152 tons; 

that for the Central Provinces, 72,022 tons; for Eastern Bengal 

and Assam, 82,449 tons, and for Rajputana, 10,642 tons. These 

are the principal productions of ordinary limestone; but large 

quantities of the coHcretionary kankar are obtained from the allu¬ 
vial areas in many districts for use as road-metal and the manu¬ 

facture of mortar. 

The production of marble at the well-known Makrana quarries 
in Marwar (Jodhpur), Rajputana, is shown separately in table 37. 

Table 37.—Produciioyi of Marble in Jodhjmr, Rajputana, during 
1904—1907. 

Year. Quantity. Value. 

Tons. 
1 

• 

£ 

1904 . 1.0*34 hl02 

1005 . , . . . . ; 
1 

1,720 IMO 

lOOii. 1,5<N) IMS 

Jd07. 
1 

2.571 1J94 

Slate is raised from the Aiavalli series in Rajputana and near 

Rewari in the Punjab, the corresponding system of foliated rocks 

cropping out in the Kharakhpur hills of 

Monghyr district, and at numerous places 
along the Outer Himalayas not far from the margin of the cen¬ 

tra 1 granitic masses. The total production returned for these areas 
in 1907 was 12,493 tons ; but this figure is obviously incomplete, 

as it does not include the important quarries in the*^Kangra dis¬ 

trict, for which statistics will be obtained before the issue of the 
Quinquennial Review. 
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Steatite. 

Steatite is still raised in small quantities in the Pakokku Hill 
Tracts and in the Minbu district, Burma. 
The total output in 1907 was 163 cwts., 

valued hxjally at £201. Of this total 123 cwts. were raised in the 
Minbu district. 

The tourmaline raised in the Ruby Mines district of Burma 
amounted in 1907 to 20 lbs., valued at 
£293, a quantity much below the pro¬ 

ductions returned for the previous two years. 

Tourmaline. 
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IV.—MINERAL CONCESSIONS GRANTED. 

Table Siaitmentof Mineral Concessions Granted during 1907. 

BALUCHISTAN. 

Xahsxl. 

LaA BeUi 
Stutv 

Do. 

Do. 

Zhob . 

Grautcu. Jliueial. 

1 
' Eatuio of 
; graJit. 
1 

(1) S. Baha^\ul Eliuri 
8atakzai. 

Coal • J*. L. 

(2) K. D. liurjoiji D. 
l*alcl, C.l.E. . 

Do. M. L. 

00 Mcs>^r^. 8or.tltji & Co. Do. « ' M. L. 

(4) Do. do. Dc*. ■ 31. L. 

(5) S. UahaHitl Eli.iu 
8utaivzai. 

Du. • M. L. 

(0) jMc»!>rs. Juutes 31 due 
and Magucs t’uto's ul 
Bristol. 

Miiicralb ol 
bUiUs. 

all 
E. L. 

(7) iMr. L. VolkiUl, 
8<’cn*taiy, ou behalf 
ol the * i’tibb 8>u- 
ilic-atc, Eurucbi. 

Du. i*. L. 

(8) ?lr. C. It. laudbcy . C'hruuutu . • 31. L. 

(0) S. X'hcioz 8hah Coal M. L. 

(10; BaliMlihtan .Miu> 
lug 8iL hfaU*. 

Chrotuilc , • M. L. 

(IJ; 3lJ. (’. U. LuuIm v Do. • 31. L. 

BENGAL. 
1 ) 

] 
(1*2) .8. T. Oeet 

& Co. 
CoJil . • 1'. L. 

1 

i 

(Id) Babii Muiioran- 
]aii Guha. 

31 icn • 31. L. 

1 

(14) 3Ir. K. G. Talbot 
f 

Do. • 1’. L. 

(15) .Mr. !•:. Line . Du. 
i 

J*. L. . 1 
I 
1 

Aiva lU 
UC-lOb. 

Bate of 
c'oiniucuco- 

IDOUt. 
Term. 

11th JuDc j 1 >car. 
1007. I 

I 

JIO DtS ifit July iso ycarb. 
1007. ! 

57 104 -Oth Slurcli Do. 
1007. 

I 

ist July ' Do. 
1007. t 

1,008 

4»0,0UU 

80 

51-80 

80 

23ril 1 >uar. 
bt-r 1007. 

Ist October Do. 
1007. 

SOlii JaDu- \iO years, 
ary 1007. 

4tli Juuc Du. 
1007. 

8th N«»vcm* Do. 
her 10(»7. 

2ii(l July Do. 
jyov. 

E. L. denot.a ExplunnK’klJcciiao. J\ i.., Prcsiiec liug liceuse. and M. L., Mluiug Lease. 
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BEN GAL. —conid. 

Djstbiot. Urautee. Mineral. 
• 

Nature of 
grant. 

Area in 
acrcH. 

i 
Date oi ! 

commence- < 
meat. 

Qazaribigli . (16) Dabu Sunder Mull . Mica • P. L. . 144-5 

1 , 1 
7th March ' 

1907. i 

Do. (17) Bobu Sukti Kani.*} 
Bliuttacharjco. 

Do. . P. B. - 50 Do, ^ 

Du. . (16) iiabu Sliuw Xaiain 
Lul Sett. 

Do. . P. L. . 53 Do. 

Do. (lb) Babu Motiuruiijan 
Uiilia. 

Do. . ■ P. L. 4U 15th AptU 
1907. 

Do. . (20) Babu Dyal lUiii . Do. . • P. L. . 40 25th April 
1907. 

Do. . (21) Mr. S. D. PJnJIppe . Do. . a P. L. . lOO-o 
• 

l.st Juno , 
1907. 

Do. (22) Babu Arjuui Khan Do. . • P. L. . 5*0 9lli July 
1907. 

Do. . (23) Babus ^tigcudru 
Nath Ghosli aud uthoia 

Do. . P. L. . 33 26th August 
1907. 

Do. . 

Do. 

(24) Mcasra. Gludatouo, 
Wylho and Co. 

(2u) Du. do. . 

Do. . 

Do. . 

9 P. JL. . 

P. L. . 

'I • 
> 
4 

J 
560 ' 13lh July 

1907. 1 

Do. (26) Babu Knj Xrivhua 
Salmnn. 

Du. . • P. L. . 112 0th July ' 
1907. j 

Do. (27) BabiiH Jagariiath 
Riim and Dyal Itaiii. 

Do. . 1*. L. 40 • 4th July 
1907. 

Do. (28) Mr. b\ U. Talbot Do. . P. L. 120 24th August 
1907. 

Do. (29) Babu .Sunder Mull . Do. , • r. L. . 4 |>)ut!) 29tJi October ; 
1907. 1 1 

Do. (W) Mr. J. Borer . Do. . P. B. . 160 
1 

Do. . ‘ 
1 

Do. . (ai) Do. Do. . • P. 1.. SO Do. 

Do. (32) Do. Do. . ( P. L. . 40 19th Deceiti' 
her 1907. 

Biuglibhiim . 
1 

(3'() Babu MrKlhu Kil 
Doogar of Calcutta. 

Mangaucou m P. L. .ibout 640 8lfi .lanuary 
1907. j 

Do, (34) Do. do. . Do. . P. L. . 04 iHth March ' 
1007. 1 

Do. (35) Do. do. . Du. . P. L. . 64 2nd Febru- j 
.ary 1907. 1 

Do. (36) Du. du. . Du. . • P. h. 44S Jst Pebni- j 
ary 1907. j 

i 

Turin. 

1. year. 

Do. 

Do. 

Do. 

Du. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

D-», 

Do. 

Do. 

Do. 

K. Jonoto» Kx|iIor{n^ Clouusr, P. L., ProspucUitg LiceiiHe» aud M. L., Afiiiiog Doase. 
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BENGAL.—condd. 

Distbiot. Grantee. Mineral. Nature of 
grant. 

Area Lu 
acres. 

Date of 
commence¬ 

ment. 
Xonn, 

Sioghbhum . <37) Babu Blodhu Lai 
Doogar of Calcutta. 

Manganeao a P. L. 12‘8 18th March 
1007. 

1 irear. 

Do. . (38) Du. do. . Do. . • L. 128 Do. Do. 

Do. (39) Do. do. . Do. . . P. L. 576 Do. Do. 

Do, . (40) Do. do. Do. . s P. L. 44-8 Do. Do. 

Do. (4t) Do. do. . Do. . P. L. 1«’2 Do. Do. 

Do. (42) Mr. Adolpl) Grotis 
mann. 

Do. . • 1*. L. 2,432 27th May 
1007. 

Do. 

Do. (43) Mo^rs. Martin and 
Co. 

Maiigancsu 
iron-ore. 

uud 1*. L. 128 25()i Juuu 
1007. 

Du. 

Do. . (44) Mr. Adolpli Gross* 
maun. 

Manganese P. L. 64 20th May 
1007. 

Do. 

Do. (45) Messrs. Mnrtlu and 
Co. • 

Iron mid uimi* 
ganese 

P. L. 3,2S:i'2 3rd Scpteiu* 
ber 1007. 

Do. 

Do, (4«) Do. do. . Iron-ore and man 
gAQOSC. 

P. L. 1,728 17th July 
1007. 

Du. 

Do. . (47) Babii Rajendra 
Nath Mukherjeo. 

Iron and man 
ganese. 

P. L. 3,204 28th July 
1907. 

Do. 

Do. (48) Babn Mndhu La) 
Doogar, 

Manganese P. L. 6-40 2nd July 
1007. 

Do. 

Do. (40) C. W. Waleh, Esq. . Manganese and 
Iron. 

P. L, 2,005-6 20th Sept¬ 
ember 1007 

Do. 

Do. (50) H. P. M.'irtln, B-q. , Manga iiese 
and bnuxlt< 

iron P. L. 2,002-8 .Srd Septem¬ 
ber 1907, 

Do. 

Do. (51) Messrs. Martin A 
Co. 

IroD*oro . t P. L. 1.920 8th October 
1907. 

Do. 

Do. (52) Do. do. , Gn)d • P. L. 1.92l» loth October 
1007. 

Do. 

Do. (.5'J) Do. do. . Mmiganesi' 
iron-ore. 

lUc] P. L. 1,280 8tli t)ttul>er 
1907. 1 

Do. 

BOMBAY. 

Belgaum (54) Mr. Nanabhoy f. MangsiieiM- . ^ .B. L. 3.022 1st June 1 year. 
Boyce of (^adag ' 1007. 

Do. (55) Mr. foggan. the Do. P. L. 422 J4th Janu* Do. 

. 

Afisiguee of Mr. C. B. 
Oakley of Bangalore. 

ary 1907. 

B. L. denotot Expleriui Llornse. P. Froii)«ctiiig Ltcense.'aad M. L.> Miolng Leaie. 
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BOMBAY—contd. 

DiBxaio^. Grantee. Mineral. Nature of 
grant. 

Area In 
acres. 

Date of 
commenoe- 

uieat. 
T^rm, 

Belgaum (fiO) Mr. A. Lyons, late 
of the S. M. Railway, 
Lpndha. 

Manganese P. L. • 499 3rd January 
1008. 

1 year. 

Do. (67) Do. do. . Do. E. L. • 2,379 Do. . Do. 

BiJapUT (5S) Messrs. C. H. B. 
Forbes & Co.. Bom¬ 
bay. 

Do. E. L. • 2,535‘2 0th March 
1907. 

Do. 

Do. 

a 

<69) Mr. W. W. Coen Asbestos . P. L. • 1,109 
• 

lOtli Decem¬ 
ber 1907. 

Do. 

Dharwai (00) Tlie Sangll Gold 
Mining Co.. Ltd. 

Gold . ^ M. L, ■ 606 Isi January 
1907. 

30 years. 

Do. (61) The Dharwar Gold 
Mines. Ltd. 

Do. . . 
j 

1 

M. L. « 1,020 1st March 
1907. 

Do. 

Do. (02) Mr. W. W. Own 

) 

Manganeso 
1 
[ 

K. L. 2,420 12tlt March 
1907. 

1 year. 

Do. (03) Mr. Nunabhoy F. 
Boyoo, 

1 
i Gold E. L. 3,910 25th April 

1007, 
Do. 

Do. (04) Mr. Ramrao Nara- 
yan, BelJury.- 

Copper and mica . 
i t ) t 

E. L. • 378 , 24th June 
1907. 

Do. 

Do. (65) Mr. £.D. Pusey 
1 
1 Gold . , 

1 

P. L. • 422 14th Janu¬ 
ary 1907. 

Do. 

Do. • (60) Mr. H. F. Strick¬ 
land. 

Graphite and 
Copper P. L. • 1,608 6th Septem¬ 

ber 1907. 
Do. 

Do. (07) Do, do. , Gold P. L. • 1,703 lOtlv July 
1907. 

Do. 

Do. (OS) Mr. Nnnabhny F. 
Boyce. 

; Manganese 

1 

i:. L. • 2,511 12th July 
1907, 

Do. 

Do. (09) Mr. AIkIuI Kadar 
aliai Fakir Maho- 
mad Ebhraldiu Khan 
Pathan. 

, Copper and lead , 
1 

1 

i 

p. r.. s 000 lOtli Sept- 
CTObet 1907. 

Do. 

Do. 
A 

(70) Mr. B. N. Bellary . 1 AH minerals 

1 

E. L. • 218 Sod August 
1907. 

Do. 

Do. (71) Mr. V. S. Sambh- 
shiva lyar. 

1 
Manganese P. L. • 635 

■| 
14Ui Sept¬ 

ember 1007, 
Do. 

Do. (72) Mr. £, Raghavaya . j Do. . . E. L. • 2,l29 18th Sept¬ 
ember 1007, 

Do. 

Do. (73) Mr. M. B. Balchur . 1 Do. 
\ 

E. L. 4 1.713 Do. Do. 

K* L. denotes Bstplorlng License, P. L., Prospecting License, ^aad M. L., Mining Lease. 
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BOMBXY—contd, 

Do. 

Do. 

DO. 

Do. 

Do. 

Do. 

Do, 

Do. 

Do. 

Do. 

DISTHICT. 

j 

1 i 
1 .Mmerut. Nature ui 

grant. 

1 
Area iii 
aen-H. 

— f 

Date of 
coiiinioiico* 

lueut. 

A 

Term. 

Dharwar 1 (74) Mr. Claude Cour 
f'.-ilais. 

Cold . 
1 
j .. . 82 1st Dcccni* 

her 1907, 
1 year. 

Du, (7.'i) Mr. C. N. Surya 
Narayuarfij. 

Mung.'iiicsu P. L. . 701 lat January 
1908. 

Do. 

Du. (70) Mr. A. K. CJialav* 
! r..ya Mi>uJlijar. 

Du. P. L. . 1,401 25Di October 
1907. 

1 Do. 

D(*. (77) Mr. D. Raghavaya . Do. . . 1 

1 

E. h. 1,170 22nd October 
1907, 

Do. 

Do. (78) Mr. y. li. Raicliiir . Du. . . 1 E, L. . 1,808 18th October 
1907. 

Do. 

Kanara (79) Mr. T. D. Kan- 
tliuin, oil heh.ilf of 
Meiers. Kiddle, Rec\e 
A Co, 

Do. . . ' 

1 

E. J.. . 02,534 4 00th Sfureh 
1907. 

Do, 

Du, • (80) .Mi. C. P. Boyce . 
i 

Du. E. L, . 5.354 Do. Do. 
Do. (HI) Mr. Jt. T. Cuggau, Du. . 1 E- L. 1 tiu OI..4- 1.... 1 

(M2) Mr. N. !■'. Doy»-o. 
Cut (lag. 

(sy) .Mi*ssis, Klllhk, 
& Co. 

(rt-l} Mr. Sliiij)urji S. 
Chaudablioy. 

(a5) A. BlaseheJv 
& Co. 

(Mfi) Mr, Ka><luiiafli 
HitiK-handru Oodbcdu. 

(MriMt'isra. Kdlick, Ni.\nn 
Co. 

(bfi) Mcssra. Jehingir C, 
Petit A Co. 

ai9) Mr. V. S. Samba 
Hhivji /ycr. 

(90; Do. do. 

(91) Mp<isni. I), n. L'lru 
4 Co. 

I>o. . j (92) Do. 

Du. 

Do, 

Do. . 

Du. . 

Do. . 

DO, . 

Do. 

Do. 

Do. 

D. L. . 

Ji. L. . 

D. L. . 

E. L. . 

E. L. . 

E. L. . 

E. L. . 

J*. L. 

P. L. . 

P. h. 

m)7. 

7,WH I 24tli June 
1907. 

2iJG I titli Juac 
1907. 

SuO 29th May 
' 1907. 

89 

1,608 

1,223 

6,296 

2,218 

Not fdatod. 

nth May 
1007. 

24th Julie 
1907. 

loth J ujje 
1907. 

24th Juae 
1007. 

30th Juao 
1907. 

, Do. 

Do. 

Do, 

Do. 

Do. 

Do. 

DO. 

Do. 

75 20th July 
■ 1907. 

E. L. JeqotM IJxpiortag i,.ceu.c, 1>. L.. l"ro,pcctwg Liceuse, and M. h., Mlulag t.„e. 

N 
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BOMBAY—contd. 

PiSTEIOr. Grantee. Mineral. N.'xtum o( 
grant. 

Area in 
aerea. 

Dato of 
commence* 

meut. 
Term. 

Eaiiara (W) Mr. N. H. Patuck . Manganese V. L. . :iuo 12tli August 
1907, 

t ygar. 

Do. (94) Messrs. D. B. Lam 
<fc Co. 

Do. K. L. 18tli August 
1907. 

Do. 

Do. (9."*) Mes'^rs. N. Fatehulli 
& Co. 

Dcj. V. L. 706 16th Sept¬ 
ember 1007. 

Do. 

Do. (0(1) Tho Hon’bio Sir 
V. D. Thuckersay. 

Do. Altered from 
M. L to 

P. L. 

U,840 18th Sept* 
emberlOU?, 

Do. 

Do. . • (97) MeiwrB. N. Fatcli- 
ulli & C'o. 

Do. . P. L. 140 16th Sept* 
einl>er 1907, 

Do. 

Do. (98) Do. do. . Do. . P. L. . 2,401 Do. Do. 

Do. (99) Dfi. do. . Do. P. L. . 2,501 Do. Do. 

Do. (100) Mr. N. H. Patuck Do. P, L. 568 12th AugU'it 
1907. 

Do. 

1)0. (101) Mr. S. N. Chanda- 
blioy. 

Do. . P. L. . 320 10th AugUHt 
t 1907. 

Do. 

J)o. (102) The TIon’ble Sir 
V. D. That kersay. 

Do. . » . P. L, 

1 

3,991 18th Sept- 
einhcr 1907, 

Do. 

Do. (10;l) Mr. S. N. Chanda* 
blioy. 

Do. 

1 

P. L. . j 

I t 

yn 10th August 
1907. 

Do. 

Do. (104) Mr. C. B. Oakh y . Do. 
i 

P. L. . < 

1 

1,809 31st Octotjcr 
1907. 

Do. 

I)u. (IO.t) Mr. N, F. Boyce . Do, P. L. . 4,624 21st Decem¬ 
ber 1907. 

Do. 

Do. (100) Mr. C. P. Boyee . Do. . P. L. . 

1 

.385 31st October 
1907. 

Do. 

Do, (107) Messrs. D. B. Lam 
A Co. 

Do. . P. L. . 

j 

39 21st Sept¬ 
ember 1907, 

Do. 

Do. (108) Mr. Madhulal Doo- 
gar. 

Do. , E. L. 1.590 11th Nov* 
ember 1907. 

Do. 

Do. (J09) Mr. Madappa Gan- 
.ijipa Hogde. 

Do. . K. L. . 

1 

628,547 19th Nov. 
ember 1007. 

Do. 

Do. (110) Mr. D. F. FriJtonl . Do. 

• 

E. L, - , 

1 

2,117 1st and 4fh 
November 
1907. 

Do. 

B. I*. (Ipnotea Exploring Uocnge, P. L., Prospecting Liconso, and M. I.., Mining Lease. 
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BOMBAY— 

DIBXBIOI. < Giantee. Mineral. 
Jtature o( 

grant. 
Area hi 
acrra. 

a 
Date of 

commence¬ 
ment. 

Term, 

Eanara (Ill) Mr. Kaikubad F. 
Damji. 

Manganese • V. U . 160 19Ui'^*becem- 
borl907. 

1 year. 

Do. (112) Mr. S. N. Chanda- 
bhoy. 

Yellow (X’hro • K. r,. , 40 20th Dooitm- 
ber 1907. 

Do, 

Panch Mahuln (113) Mr. F. A. H. Fast, 
Managing Agent to 
tlio Shlvmjpur Syndi¬ 
cate of Oory lirof. 
A Co., Bombay. 

Manga ues4' a M. L. . 30 1st Novem¬ 
ber 1900. 

30 years. 
V 

Do. . 

Do. 

(U4) Do. do . 

(115) Do. do. . 

Do. . 

Do, , 

• 

t 

M. L. 

M. I. . } { 
Do. 

Do. • 

DO, 

Do, 

Do, (116) Mr. C. .T. Demet- 
racopulo. 

Do. . • P. L, . 640 22nd March 
1907. 

1 year. 

Do. (117) Do. do. . 
Do. . • P. L. . 060 10th July 

1907. 
Do, 

Do. (US) Mr. Adarji Mim- 
ciiorjl Dalai. 

D(». . • P. L. . 040 8th July 
1907. 

Do. 

Do. » (110) Moasrs. Schroder, 
Smldt & Co. 

Do. . a a. L. . 2,660 30th Sept¬ 
ember 1907,. 

Do. 

Do • (120) Do. do. . Do. . • " e. L. . 2,600 Do . Do. 

Do . (121) Do. do. . Du. . • E. L. . 2,560 Do. , Do, 
• 

Do. (122) Do. do. . Do • K. L. . 2.660 Do. Do. 

Do. (12.1) Messrs. Kahn and 
Kahn & Co, 

Do, . • E. L. . 1,280 Do. Do. 

Do. (124) Mcesrs. .Schroder, 
Smldt & Co. 

Do. . • E. L. . 2,.560 27th Sept¬ 
ember IW. 

Do. 

Do. (125) Do. do. . Do. . • E. L. . 1,920 Do. Do. 

Do. . (126) Mr. Adarji M. 
Dalai. 

Do. . • E. L. . 1,840 aoth Sept¬ 
ember 1007. 

Do. 

Do. (127) Mr. Ratanlal 
Ranchhodlal. 

Do. . • E* L* e 1,280 3l8t October 
1907. 

Do. 

Do. (128) Mr. Adarjl Mun- 
cherji Dalai. 

Do. . • E. L. . 2,160 80th Sept¬ 
ember t^. 

Do.’ 

Do. (129) Messrs. Kahn, 
Kahn A Co. 

Do. . • E. L. , . 3,200 Slst Decem¬ 
ber 1907. 

Do. 

E. L. denotes Exploring Llcenoe, P. t., Prospecting Liceone, and M. L., Mining Lei^se, 
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BOMBAY—contd^ 

DlBTBlOT. 

Pancli Maliald 

Do. 

Do. 

Do. 

Do. 

Do, 

Do. 

Do. 

Do. 

Grantee. 

(laO) Mea ‘re. Jesing- 
bhoy Alaganlal A 
Co. 

(131) Messrs. Sclirodcr, 
ijinidt A Co. 

(132) Do. do. 

(133) Do. do. 

(134) Mr. W. C. Synies 

! (13r>) Mr. IsmaUJi Ahdnl 
! HiiKsalii. 

(l-ifi) 

(ld7) 

Do. 

Do. 

do. 

do. . 

Mineral. 

(13H) Mi'sxrA, Sehroder, 
Sinidt A (!o. 

MangaucHu 

Do. . 

Do. . 

Do. . 

Mica 

Mangancsu 

Do, . 

Do. 

Do. . 

Nature ol 
grant. 

E. L. 

E. L. 

E. L. 

E. L. 

E. L. 

E. L. 

K. h. 

E. L. 

E. L. 

Area in 
acree.i 

I 

Do. (139) Dt). do. , Do. . 4 
1** 

E. L. 
! 1 

3,200 J3th Decem¬ 
ber 1907. 

' 
31st October 

1907. 

Do. 

Do. (140) 
Co. 

Messrs. Tiirnfr A Do. , • E. L 
1 

1,440 Do, 

Do. • (140 Do. do, , Dt). , E. L. • 
1 i,2aol 

Do. Do. 

Do. • (142) Do. do. . Do. . K. L. ) 1 Do. Do, 

Do. ■ 043) Do. do. . Do. • E. L. • 2,r*60 D«'*. Do. 

1)0. • (114) Messrs. 
Siiiidt A 

Sehrooer, 
Co. 

Do. . « E. L. 3,200 1 ..!th Drccm- 
hcr 1907. 

Do. 

Do. • 04-.) 
kli 

Messrs. 
A Co 

.1. F. K:im- Do. K. L. , 1,2'<0 30(h Sept- 
enihcr1907. 

Do. 

Do. • (140) Do. do. . Do. . E. L. 300 Jlst Oetoljer 
1907. 

Do* 

Do. • 047) Do. do. . Do. , E. L. 800 30th Sept- 
ember 1907 

Dr. 

Do. 04H) Do. do. . Do. . • E. L. • 1,280 31.st October 
1907. 

Do. 

Do. • (149) Do. do. . Do. . • E. L. • 1,200 Do. 
1 Do. 

Do. (150) Dr do. Do, . E. L. \ 1,920 ' Do. Do. 

Intnagirl 

' 

(I.*)!) Me.ssrs, 
Walljico 
Bonibav- 

Shaw. 
A Co,. 

4 

Do. • E. L. • 1 2.560 

1 
17tli Mi»v 

1907. 
Do. 

Not exceed¬ 
ing 040 
acres. 

2, >00 

2,560 

2,560 

I6U 

640 

• 2.a6(i ^ 

2.500 

Date oi 
comnieuce* 

iiient. 

31at Docem< 
ber 1907. 

3l»fc October 
1007. 

Do. 

Do. . I 
( 

30tli Sept- I 
ember 1907. i 

i 

31st October i 
1907. 1 

Do. , 1 
Do. 

Do. 

Term. 

I yeiir. 

Do. 

Do. 

Uu. 

Do. 

Do. 

Do. 

Do 

Do. 

E. L. denotes Exploring License, P. L., Prospecting License, and M. L., Mining Lease. 

H 
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BOMBAY—conoid. 

I 

DISTRICT. ' 
i * 1 

. ( 

Orant«o, 
j 

Mineral. 

i 
Ratnafiiri . 

1 

O'Vi) Mossra. Shaw, Wal- 
iuco ^ Co„ Boiiihay. > 

1 

Mangano.se 

Do, (IW) 

1 

Do. do. . , Do. , 

Do. . (1S4) J3o. do. . Do. . 

, 

Nature of 
: grant.' 
j 

Area in 
acres. 

Date of 
coiimience* 

nicnt. 
Tern. 

1 

j K. L. 

t 

41,HOO 31st .Tuly 
1007. 

1 year. 

\ 
D. [>. . 1&2,:J20 Df). Do. 

1 

P. L. 
1 
1 

fll 14l.h Ootolier 
]pn7. 

Do. 

BURMA. 

Akyab . ’ (155) U. Thii Taw U, V. 
Siiwc Min and U. 

1 Aung Bail. 

Coal M. L. 600 1st October 
1907. 

30 yeara. 

Amlicrst . j (IfjG) Foucar tfc Co . 

1 

Antimony P. L. 309'14 27th Juno 
3007. 

1 year. 

Bassoin . ! (157) Maung Po Mya . 

1 
j 

Coal P. L. . 
renewal 

3,200 30th Sept¬ 
ember 1007. 

Do. 

Bhaino . i (lf>8) Lt.-Col. S. G. 
Tladoliff, on behalf 

1 of Mr. A. 0. Mac- 
' mlllaii. 
1 

Gold P. L, Unaurveyed, 
about 6,760 
acres. 

ISili Frhru- 
ary IO07. 

Do. 

D >. . ! (l60) Do. do. . 
! 

Do. 1*. L. 180 1st August 
1007. 

Do. 

H ouzada (100) Mes.sra. Leslie, 
, Crawford and five 

otlirlH. 

Coal. P. L. . 2,500 loth April 
1907. 

Do. 

Do. . (lOI) Mr. Allan Camp- 1 
bell. 

Do. P. L. 2,500 IHth Decem¬ 
ber 1907. 

Do. 

Katlia . . i (102) Tiiiii dim Tseng . 

• 

Cojiper P. L. . 201•60 22nd Juno 
1907. 

Do. 

Do. . (703) Mr. .r. A. Manyon 
1 

• 1 
1 ( 

Co|)por. lead ami 
associated ores. P. L. 2,880 17tli April 

1007. 
Do. 

Do. . 1 (164) Do. do. . ’ 
1 

Coal P. L. 1,360-4 10th July 
1007. 

Do. 

Mandalay . 1 (lOr.) Mr. C. D. Clarke, i 
on behalf of the : 

, Burma Mines llailwny 
1 and Smelting (>>.. Ltd. 

Iron ore . r. L. 240 8th Janu¬ 
ary 1907. 

Do. 

Do. 

< 3 J 

. (100) Do. do. . 

, 

Do. P. L. . 68*83 Ist June 
1907. 

Do. 

Do. . ' (107) Mr. B. J. Boog 

1 : 

Silver and lead . M. L. . 100 lat Novem¬ 
ber 1906. 

in yean. 

£. L. (lea'>te} Exploring Licants. P. L., Pr»?pecUn; License, and H. L., MiiUng Leaie 
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BmHA-^cotUd. 

Dist&ioi . 

I 

1 Grantee. 
f 0 
• 

1 
1 

Mineral. Nature of 
grant. 

Art^ In 
acres. 

1 

Date of 
commence¬ 

ment. 
Xerm. 

Mandalay . (106) Moola Dawood . 

\ 
1 

All tnliieials B. L. ^ Whole of the 
Mandalay 
District. 

23rd Sept-- 
; omberlo07. 
i 

1 year. 

Mergiii ' . <160) Mr. A. B. Snow, 
on bebalf of the Bnr< 
ma Development Syn* 
dJeate, Ltd. 

Tin . M. L. . 1,955-72 l*1»t July 
1906. 

1 

SO years. 

Do, (170) Mr. Louis Joel for 
Anglo Continental 
Gold Syndicate, Ltd. 

Do. . . P. L, . 6.400 18th March 
1907. 

\ 

1 year. 

Do. (171) Mr. H. Broadbent 
for Maliwun Tin Min* 
lag Syndicate. 

Do. . , P L. . 3,093*0.1 24tli March 
1907. 

J i 

Do. 

Do. (172) Messra. Summers 
and Okoden, on behalf 
of Lt.*CoU K. M. Foss. 

Iron-ores , E. L. . 1,941 1 16th Sept¬ 
ember 1907. 

Do. 

Do. (173) Messrs. R. S. Giles 
and E. Hig^nbotham, 
Advi>(’at(« for South 
Burma Tln^Mlnea, Ltd, 

Tin . P. L 
iTni'wal • 

307 ■ r>o 23r(l Sept- 
i*i»»l)pr 1007. 

I 

For the 
period 
ending 
IStli April 
1908. 

Do • 074) Heesrs. Ktnloch 
and Sglinton. ^ 

Do. . P. L 
renewal 

103-24 2iid June 
J907. 

1 year. 

Do. (175) Mr. Charles Kit- j 
chin. 

1 1 
t 
i 

Do. . P. L. . 
rentMval 

640 2nd Novem¬ 
ber 1907. 

• 

For the 
period 
end in g 
24tti Aug¬ 
ust 1908. 

MInbii . (176) Siillman Acha 
1 

! 

Copper and lead E L. . Ngapi Pa- 
dleu Yoina 
Iflll, Paiik- 
sat Hill and 
Smlangyt 
jungle. 

llth ? ovem* 
ber 07. 

\ 

1 year. 

Mylugyaa . (177) Moasrs. Finlay, ' 
Fleming A Oo., Agenn i 
for the Burma Oil Oo., ! 
I.W. ] 

1 

Potroleimi , P. L. . 3,504 4th October 
1906. 

Do. 

Do. 

1 

(178) Do. do. . ! 
1 

Do. P. I. . 86 19th Janu- 
iiary 1907. 

Do. 

Do. (179) Do. do. . 

I 
1 

Do. . P. L. . 1,280 
. 

15th Sept¬ 
ember 1907. 

Do. 

Do. 
1 

(180) Do. do. . 
1 
j 

Do. . P.L. . 
renewal 

12.863J Ist May 
1907, 

Do. 

B. L. denotes Bxploring Licenso, F. L., Prospecting License, and U. L., Mining Lease. 
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BURMA—conid. 

DistaiOT. Grantee. 
• 

Mineral. 
t 

1 

'f Nature of 
grant. 

Area In 
acres. 

Date of 
commence¬ 

ment. 
Term. 

Mylngyaa . (181) Rangoon Oil Co.. 
Ltd. 

1 Potrolettin 

i 

P. L. . 
renewal 

640 10th May 
1907. 

1 year. 

Do. (182) Mr. w . Parry ! Do. E. L. . 2,060 80th Sept¬ 
ember 1007. 

Do. 

Do. (183) Messrs Finlay, 
Fleming & Co., Agents, 
Burma Oil Co., 

Do. 
1 

i 

1 P. L. . 2.500 10th July 
1007. 

Do. 

Do. (184) Do. do. . 

t 

Do. 

1 

1 P. L. 
renewal . 

1,280 15th Sept¬ 
ember 1007. 

Do. 

Myltkyioa . (185) Burma Gold Dredg¬ 
ing Co. 

1 Gold, copper, 
i platinum, etc, 

1 
1 

i P. L. . 
f 

6,400 2nd April 
1907. 

Do. 

N. Shan 
States. 

(186) Mr. W. B. Hllller . Opper and allied 
metals. 

P. L. . 2,060 11th Febru¬ 
ary 1907. 

D<j. 

Do. (187J The Great B<t9t- 
orn Mining Qo., Ltd. 

Silver, copper, 
load and 7.1qc. 

1 M. I,. . 
i 
I 

1 

10,240 let January 
1907. 

30 years. 

Do. (188) Mr, A. G. Black- 
well. 

Gold 
1 

B. L, . 0,536 24th Juno 
1907. 

1 year. 

Do. (189) Mr. B. S. Dickie . Copper P. L. 640 23rd April 
1907. 

Do. 

Do. (190) Mr. V. Bggcna Silver, lead, anti¬ 
mony and 
uUtud miiicmU, 

1 
P. L. . 3,200 12th Sept- 

umber 1907 
Do. 

Do. (191) Mr. N. Sum well .Silver, load, and 
uiisuciiitcd min- 
craLs. 

P. L. . 

1 

Not exceeil- 
lug 3,200 
acres. 

12th Novem- , 
her 1907. 

1 

1 

Do. 

Pakdkku 

1 

(192) Moasrs. W. F. j 
Noyco and A. Sarkies. ! 

1 

) 

Petroleum . P. L. . 

j 

1,920 

(Blocks 60, 
8tand 82, at 
Yonangyat.) 

1 

16th Janu- i 
ary 1907. 

1 

j 

Do. 

i 
Do. . i (193) Maung I'o 4>i>o . | 

1 

' 
Peinileuni and 

coal. 

1 
E. L. . , 9,720 

1 

2ad Febni-' 
ary 1007. 

Do. 

Do. (194) M. Goulam ! 
Ilnascln. 

1 

I’etroloum E. L. . Whole dis¬ 
trict except 
reMorved 
forest. 

26th July 
1907. 

Do. 

B. L. denotes Bxplorin« Xlconso, V. 1., Prospecting License, and M. L., Mining Lease. 
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BURMA—concld. 

District, Qrantee. Mineral. 

! 
Nature of { 

grant. i 

i 

Area in 
acres. 

Date of 
commence- 

mout. 
Term, 

Pak6kkn (195) Messrs. Finlay, 
Fleming A Co., Aeente, 
Burma OU Co., Lid. 

PetrnU-um . m P. L. . 

1 
1,920 9th October 

1007. 
1 y a 

Do. (196) Do. do. . Do. • P.L. . 640 Do. Do. 

Do. (J07) Mr. J. W. Parry . I'ctroleuui and 
oUier minerals. 

E. L. . 1,280 I4th August 
1007. 

Do. 

lluby Minos . (198) Mr. A. 0. Black- 
well, on behalf of the 
Shweli Gold Dredging 
and Mining Syndi¬ 
cate, Ltd. 

Gold . • P. L. . 
1 
I 80 nillus of 

the Shweli 
ilvet from 
Uyitson to 
Inywa. 

1 
31st March 

1907. 
Do. 

a. Shan 
States. 

(199) Messrs. H. R. 
Fagan and C. R. Con- 
nel. 

Coal « P. L. . 1 960 7tl) March 
1907. 

Do. 

Do. (200) Do. do. . Do. . • 1 P. L. . 320 Do. Do. 

Do. (201) Mr. W.R. HilUcr . Antimony 
other ores. 

anj 

1 

P. L. . 

1 

. Notstated I2tli June 
J907. 

' Do. 

1 

Do. (202) Mr. A. T. Mooro 
^Duett. 

CJoppcr • 

1 

P. L. . 
1 

1,020 11 Ml Sept 
ember 1007, 

Do. 

Do. (203) Mr. 0. M. Handyn, 
on behalf of Mr. W. 
Bruce Dick. 

Minerals 
mineral ud. 

and P. L. . Nut stated 4tli Decern- 
bet 1907. 

4 years. 

1 

Tn\oy (204) Mr. A. 0. 
hold, Manager, Dlck- 
man Bros. A Co. 

All iiiiiicrnl^ 

1 

P. L. . I,<510 J2tii Juno 
1007. 

1 year. 
i 

Do. 
k 

(206) Do. do. . Do. • P.L. . 1,280 Do. Do. 

Tliayoitnyo . (206) Mcbsts. a. S. Jamal 
Bxoa, A Oo. 

Fotroloum • P. L. 640 14tb Sept¬ 
ember 1007. 

Do. 

^Toungoo • (207) Mr. T. F. Frauois, 
A^nt for Mr. 0. B. 
Brown. 

Silver, load, and 
other mcUlB. 

P. L. 
renewaL . 

3.200 30th Apm 
1907. 

Do. 

Yuiuoiiiin (208) Mr. A. C. Mac 
millan. 

1 Gold, silver, lead, 
copper and tin. 

1*. L. . 1,280 14lh Nov¬ 
ember 1907. 

Do. 

E. L. druotca ExploriuK License, 1’. L., Prospecting License, and M. L., Mining Lease, 



102 Records of the Geological Survey of India. 

CENI'RAL PROVINCES. 

[VoL. XXXYlt. 
V 

i>l8T}U0I. Grantee. Mineral. 
^iutui'C ol 

grant. 
Area In 

ncrci!. 
Date of 

coninicncemont Tenu. 
• 

iialaghnl (2U0) .Mr. Maliuinin('<i 
HiriijiiUditi KJsan, 2ciu> 
iiKlar ol 

All kinds of 
niinenil^. 

D. L. 4ua 4tli Dowirober 
1006. 

1 year. 

J^o. (210) Do. do. . Do. . E. L, 1,578 Do. Do. 

Do. . (211) itiii tiiiholi Mathura 
I'rosad and Motdal 
ol Ciiljimtuuru . 

Do. . E. L. 1,129 6th December 
1906. 

Do. 

Du. (2J2) Du. do. . Do. . E. L. 244 Do. . Do. 

1)0. (21.1) Mes.sra. Dutt, Durn 
i& (’o. of .liil»)juli)ore. 

Ma ngiuK'M'. L\h 19(1 9th March 
1907. 

Do. 

1)0. (214) The C<5iittal Pio\- 
iiiwh 8>n- 
dicatv. 

Do. . M. L. 58 J'lt February 
1907.) 

30 ycotK. 

Uo. (213) Diitt, iiiiin 
* Co. ol Jtibhulpon'. 

Do. . M. J.. 401 let March 
1907. 

Do. 

JJu. 

D<>. 

(21<5) J>o. do. . 

(217)’Mr. D. Laxmomra- 
yau ol Kttiu|itce. 

Do. . 

Do. . 

P. D. 

P. D. 

48 

39 

9th March 
1907. 

20th Feb* 
rviary 1007. 

1 year. 

Do. 

Do. . (2J<S) Diwau Dahadin 
Kasturchuiid Daga ol 
Kaiiii>U'C. 

Do. . P. L. 1,089 17tli Match 
1907. 

Do. 

Do. (210) Mr. Ji. G. Beekct 
of Kainptoo. 

Do. , 1*. L. . ' 50S 27th Marclt 
1907. 

Do," 

Do. (220) Mr. C. Voln Ayer 
ol Daiagliat. 

Do. . P. h. 132 9t)) March 
1907. 

Do.' 
i 

Do. . (221) ll.ii Haliih Matliura 
PraHHd .Old Motilal 
ol I'idiiudwaia. 

Do. , E. D. 2,499 28th Jaminry 
1907. 

Do.* 

Do. . 

1 
(222) Mr ('ooM'iji Bhoja 

of Call utta. 
Do. . E. I... 1,2C0 20th Feb. 

ru.ary 1007. 
DO.T! 

Do. . 1 

1 
(222) Mr M M .MiilUa, 

i’leudcT, Bnlagliat. 
Bau.\it(! E. h. [8,039 4t}i March 

1907. 
Do. 

J>i>. . j (224) .Mr. !<:. G. ik ekrt . Mangam'.^e . i\ h. IS 11th ,1an- 
uar>’ 1907. 

Do.” 

Do. (223) Maj.i <«ol\iilda» <-f 
,luhlMil]ior('. 

Jin. . K. 1.. 5,978 4th June 
1007. 

Do. 

Do. (220) ItiuuliilnH Miirli- 
(Uinr Uarwnri of 
Xumpteo. 

Df». . V. L. 43 12th Juno 
1907. 

Do. '4 

Do. (227) Mr. M. M. Mullra . Do. . V. L. 10 79th June 
1007. 

Do. 

Do. , (228) Mr. M. C. Chopra Do. . P. L, 24th June 
1907. 

DO. 4 

Do. (220) Mi’MIv. Byr.ijiiji 
IVatonJi. 

J>o. . K. I«. . 8,60r> 2nd AprU 
1907. 

Do." 

-Do. (200) Kajn GokidilHa of 
.iiddHilpore. 

Do. 

i 

K. h. 199 4th June 
1907. 

% 

Do. 

I'J. L. df-notjH KxploriniJ T.lceiiqr, P. L., Proj-pccllng Llcr^nse, nnd M. L., Mining I^eaAe. 
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CENTRAL PROVINCES—con<(/. 

DlSTAIO'f, GruQteo. 
i 

Mineral* 
Kature of 

grout. 
\ 

( 

! Are.! in 
\ acres. 1 1 

1 Date of 
1 conuiicueu* 
! inuut. 
1 

Term. 

BaUghat 
1 
j (231) ilai Sulilb Matburu 
1 Prasad and Motilal. 

Mauguucsc. E. L. 
1 
, 2,300 
t 

8t]i June 
1007. 

) year. 

Uo. (232) Dlwan Bahadur 
Kuaturchaud Daga ol 
Kamptee. 

Du. . E. L. 44 4tl| Juno 
1907. 

Do, 

Do. (233) Messrs. Outt, Burn 
<fcCo. 

Muugaiiose, 
Bauxite and Iron 

P. L. 1,310 8 th June 
1007. 

Do. 

Do. (234) Hal Suhib Mathura 
Pruaad uud Motilal, 

Maugaiiese P. L. o7 Do. . Do. 

Di 

Do. 

1 (235) Messis. Dutt, Burn 
1 A Co. 

(233) Do. do. . 

Do. . 

Do. . 

P. h. 

1*. L. 

140 

244 

20th April 
1907. 

8 th Jane 
1007. 

Do. 

Do. 

Do. . (237) Lul Bcliari .Naruy' 
niidasatij Uaiucliuran 

j t^liaiikiirhil. 

Do. . P. 7i. 42 7tli June 
1 too? . 

Do. 

Do. (23H) Di^\an Buhudur 
Kustuic-haud Daga of 
ICuiiiptoc. • 

Do. . P. L. 18 2r>tli Jane 
1007. 

Do. 

Do. (230) Jiaja Gok(ilda'4 Jiui 
Bahadur BullaA’das of 
Jubbulpure. 

Do. . E. L. 130 4tli Juno 
1007. 

Do. 

Do. (240) li. S. Mathuia 
Prasad and Motilal. 

Do. . D. L. 2,350 8tli August 
1907. 

Do. 

Do. (241) Tin* Central Prov¬ 
inces Cif>spectiiig 
Syndleati:. 

' Do. . M. L. 273 25(11 July 
1007. 

30 ycaifl. 

Do, (242) Mcs.srii. Dutt, Burn* 
& Co. of Jubbulpore. 

Do. . P. Ji. 22nd July 
1007. 

1 year. 

Do. (243) Do. do. . Do. . P.L. 744 Do. Do. 

Do. . (244) Mr. J. Kt-llerscliou' 
ofHugpur. 

Do. . P. B. 1.180 24th July 
1007. 

Do. 

Do. (246) Do. do. . Do. . P. L. 106 Do. Do. 

Do. • (246) Mr. C. Vaylu, 
Balaghat. 

Do. . P. L. 37 27th July 
1907. 

Do. 

Do. (S47) Diwau Bahadur 
Kaeturchand Dnga of 
Kamptee. 

Do. . P. L. 37 27th August 
1907. 

Do. 

Do. (248) Do. do. . Do.l . P. L. • C 26th' August 
1907. 

Do. 

Do.’^ (249) Mr. M. 1). Chopra' 
of Jubbulpore. 

Mica P. L. 007 29th August 
1907. 

Do. 

Do. (260) Mr. Bhiiujl Kachi, 1 
Balaghat. 1 

Mnugaiicsti . P.L. 320 7th August 
1907, 

Do. 

Do. , (251) Mr. M. M. Mulira, 
Picador. 

Do. . P,L. 443 24th July 
1907. 

Do. 

Do. . 1 

( 

(252) Do. do. . Do. . M.L. 19 6th Septem- 
!»cr 1007. 

30 ycai9. ' 

JB. L. denotci Exploring Llceusc, P. L.t ProepcoUug LicenaOi and M, L., Miuiog li«iue. 



Itccovds of ike Gculutjical Surcay of India. [VoXj. XX^Vll, 

CENTRAL PROVINCES^n<rf. 

Exstriot. (Jniutee. Miocral. Natuie of 
giaijt. 

Area lu 
aeie*). 

Dale of 
eonimentc* 

niunt. 
Xunu. 

Eaiugilut (ijr.-j) Mi'.DeraliilSukul 
Kit K.imptoc. 

Manganese J'. L. 
1 

78 25th July 
1007. 

1 y(*ar. 

Do. (2.>4) Mr. DujiuJi Vi»h- 
svaiiutii Dnudlii. 

Do. . r. L. 104 6th Scplcm- 
bor DH}7. 

Do. 

Do, (2:>r)) iCai Sahib Matltnra 
i'raaud and Motilal oi 
L'hlaiul^tara. 

Do. . 1*. L. 10 24th July 
1007. 

Du. 

Do. (2.'*b) Mr. >1. Jl. Chopra 
o| Juhbiilpoie. 

Do. 1». L. w 2()lli .Sejileiii- 
Ih‘1 10(»7. 

( Do. 
1 

D.I, Ml Siiku), 
rU'adcr, oi KainpU-c. 

Do. . J‘. L. 20lh August 
lOOJ. 

i Do. 1 
f 

Do. Mr. .r. Kellerschon 
ol Nagpur. 

Do, . E. L. !).U 24th July 
1007. 

Do. 

Do. (-aU) Do. do. , Do. . E. J.. .101 Do. . Do. 

Do. (200) Mr. Dyrajnji IVs- 
tonji of Kaipnr. 

Do. . E. J,. 112 22nd July 
1007. 

Do. 

Do. (261) Do. do. . Do. . E. L. 27 JClli August 
1007. 

Do. 

Do. (202) Mr. M. B. Chopra, 
.Tubbulpoiv. 

Do. . E. L. 7,201 30th Scpb’ui- 
biT 1007. 

Do. 

Do. (2«5a) Mr. S. O. Holuics 
Engineer, Balaghat. 

Do. . E. J.. .5,027 Do. Do. 

Do. (204) Do. do. . Do. . li. L, IIG Do. . Do. 

Do. (2(>.'t) llal SuJiil) Matimra 
JVnsad anri Motilal. 

Mica ciirnndiim 
and dolomite. 

I*. L. 11 Do. Do. 

Do. (200) Me>*si>, Dutt, Burn 
A t'o. ol .rubbnlpoie 

Manganesi L\ b. :,1.V2 2nd Ded-ni 
bej 1007 

Do. 

Do. (207) Rai Sahib M-iihiira 
Prasail and MotiinI of 
('Uhindwara . . 

Do. . J’. L. j:>.i Do. Do. 

Df>. (208) Do. do. . Do. . I‘. L. 2.S Do. Do. 

Do. (270) Do. do, . Do, . 1*. ij. 202 Do. Do. 

Do. (271) Messrs. Dnit, Btini 
it Co. ol Jubbiilporo •. 

Do. . V. L. 451 Do, Do. 

Do. (272) Kal Sahib Mathura 
Prasad and Motilal of 
C'hblndwara • p 

Do, . P. L. 01 Do. Do. 

Do. (273) Messrs. Dutt^ Bum 
& Co. of Jubbulpur. 

Do. . P. L. 224 Do Do. 

Do. (274) Do. do. Do. * , . 1*. L. 544 8 th'October 
1007. 

Do. 

Dr). (370) Do. do. Do. . M. L. 169 2«th Oolobcr 
1907. 

80 years. 

Do. (270) Mr. Rambilas Mur- 
lidiiar Manvari of 
Kampl''*'. 

Do. . P. L. 2 7th October 
1007. 

1 year. 

E. li. iltnoUa Exploring License, V, L., Prosi>cctlng License, and M. L., Mining Lea^c. 
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CENTRAL PROVlNCBS-cow^d. 

DlSlRlOT. tirautec. Mineral. 

1 

Nature ol 
grant. 

Aroa in 
acres. 

Date of 
coiiuncuco- 

juent. 
Term. 

Dalagliat (277) Laia B. Situraiii of 
Nagpur. 

Mauganoso. JO. L.' 2,082 12th October 
1907. 

1 year. 

Do. I37a) Do. do. . Do. D. L. oil Do. Do. 

Do. (279) Mr. D. Laxniinara- 
yan of Kainptce. 

Du. . P.L. 24 2ud Novem¬ 
ber 1007. 

Do. 

Du. , (2^0) Lala B. Sitaraiu of 
Nagpur. 

Du. . J*. L. 309 16th Decem¬ 
ber 1907. 

Do. 

J>o. (2cSl) Mr. 11. H. Tlichaid* 
sun ot Kaii)ptA.'u. 

Du. . P. L. 32 22ud Oetuber 
1907. 

Do, 

Du. (282) Mr. Kanilulas 
Murlidliar Marwun of 
Runtplce. 

Du. . l\ U 33 12th Octubur 
19(;7. 

Du. 

Du. (283) Messrs. Dutt, Bum 
& Co. of Jubbiilpuro. 

Du. . 1*. L. 04 8tli Ocloljcr 
1907. 

Du. 

Du. (284) Diwnu Baliadui 
Kaaturcliaud Daga of 
Kamptee. 

Du. . l\ L. 17 19tli Decem¬ 
ber 1907. 

Du. 

Do. (38r>) Mr. DyraniJI 
i’uHtonji of Ruipur. 

Do. . I'. L. 2U2 30th Novem¬ 
ber 1907. 

Du. 

D»». (286) Lala Mohan Lai 
Kalar, Nagpur. 

Du. . Jfi. L. 1.323 8th October 
1907. 

Do. 

J>o. (287) Lala Gancisli Pra¬ 
sad and Janki Prasad, 
Kampteo. 

Do. . K. L. 1,734 5th October 
1907.' 

Du. 

Do. (288) Do. do. . Do. . K L. 1,608 Do. Do. 

Du. (•289) Do. do. . Do, L. L. 915 Do Du. 

D<». (200) Mr. B.yi.\iujiPc.s- 
toiiji of llaipur. 

Du. . E. L. 0,743 30(h Novem¬ 
ber 1907. 

Do. 

Do. (291) Do. do. . Do. . E. L. 5,437 Do. Do. 

Bclul (292) Mr. r. B. Cameron Coal . E. L. 9,109 tUDi Doeom- 
ber 1907. 

Do. 

itIiaiuUru (203) Central Provinces 
Prospecting Syndicate, 
Kampteo. 

Manganese . M. L. 607 2Stb February 
1907. 

30 years. 

Du. (204) The Central India 
Mining Company, 
Limited, Kaniptoo. 

Do. . P. L, 425 15th Febru¬ 
ary 1907. 

1 year. 

Do. (295) Mr. D. Luxminara- 
yan. 

Do. . r. L. 270 llth'March 
1907. 

Do. 

Do. (206) The Coutral India 
Mining . Company, 
Limited. 

Do. . P. L. 519 15th Febru¬ 
ary 1907, 

Do. 

Do. (207) Diwan Bahadnr 
KasturehaQd Daga of 
Kamptee. 

Do. . P. L. 455 4tli June 
J007. 

Do. 

Do. (208) "Rnl Sahib Mathun 
I’lntsad and Motllal. 

Mi-’T . - ' 

i 

V. }.. ^ »• 8th .Tu»i’ 
1907. 

Du. 

/ 

K. L. dciiotus Ifixploring; License^ P. L.» Pro»pectiug License, sud M. L., Mining ]>ease. 
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CENTRAL PROVINCE8-con«rf. 

DiST&lOI. ! Drautuc. 

f 

Mineral. 
1 

Nature of 
grant. 

[ 

1 Area in 
1 acres. 

1 

Dale of 
L'OinmoDcc* 

1 ment. 
t 

Term. 

BbaDdata , 
1 

(20U) Derail Diihadur 
KaKturcliaiul Duru. 

1 Manganese . r. L. , 15tli May 
; 1007. 

1 year. 

Du. 1 (300),l{4tml)ilaK.Miuli- 
1 dh;ir Marwan of 
1 KHiiipteu. 

Do. , 1*. L. 143 ! 1st Juno 
j 1007. 

Do. 

Du. 
1 
1 (iRU) Du. ilo. . Do, . P.L. 2yi 1 3rd June 

( 1007. 
1 

Du. 

Du. Mi. G. M. I'lJcliurd 
1 

Do. . D. L. :)U2 
1 

4th June 
1 1907. 

Do. 

Do. CViitruMiKlia Mill' 
ing Cunipaiiy. 

Du. . P. L. 23i ' 15tli May 
; 1007. 

Do. 

Do. (304) Mr. Byraniji JVa' 
tuiiji ui ilajpur. 

' Du. . D. L. JIU I 31>tii Juno, 
; 1007. 

Du. 

Do. (RO.i) Dt). do.’ . Do. . E. L. Not furniblied j Du. 
1 

Do. 

Du. (:R)0) Mesars. lUilun- 
ulinnd KesrR-liaiid 
C'iiuJIaiiy uuU Suns. 

A-'^bestos M. L. . 42 j 8tJi AllgUbt 
I 1007. 

1 

30 years. 

Du. (.‘107) Du. do. . Do. . V. L. 1,300 > J5th bojdeni- 
I ber3007. 

1 your. 

Du. (:«W) Mr. 11. S. Elchurd- 
aun. 

Mangunese . P. 1.. 200 j lat July 
1 1007. 

1 year. 

Do. (300) Ceiitr.d ludiu Mill¬ 
ing Company. 

Do. . M.L. . 00 25th Augnife 
1007. 

30 years. 

Do. (310) Mr. ('uoicrji Blioju 
of CAlciittn. 

Manganese, nuu- 
oro and galena. 

l\ L. 134 ; 20Mi August 
1 1007. 

1 year. 

Do. (311) KulSuLth Mathura 
PruHad and Mutdal of 
Clihiudwara. 

Manganese . P.L. 205 Do. Do. 

Do. (312) DcMun IlaliHdur 
Eastnn iuiad Dagu of 
Karnptiic. 

Do. . . P.L. 1,470 Du. Do. 

Do. (318) Mr. Madliulul Doo- 
gar of Calcutta, 

Do. . 1*. L. 50 4Di July 
1007. 

Do. 

Do. (314) Mr. D. ijAXinluaiu- 
yau of Kamptee. ^ 

Do. . r.x. 2,076 7th Heptcin- 
her 1007. 

Do. 

Do. (31h) J^al Bchari 
>'arayauda)9and iUni' | 
charan Shaukeilal of 
Kamptco. 

Do. . P.L, 85 29th August 
1007. 

Do. 

Do. (310) Mr. Brickhlmndas 
Jagaunath Sarkarof | 
Nagpur. 

Do. . 1*. L. 55 20tli August 
1007. 

Do. 

Do. (317) MesgrH. Lai Bohari 
Narayaiidas and Kam» : 
oharaa Stiankerlal of ! 
Kamptco. , 

Iron-ore P.l. 207 Do. Do. 

Do. (31ft) Mr. Bricklihaudas 
Jagannatli Sarkar of 
Nagpur. j 

Manganese . 

1 

IVL. 8 4th June 
1007. 

Do."* 

B* L. deniff«8 Bx^'luriug Lkenbe, 1*. "L,, prrsj'ci-ling liciuBi', and M, L., Mlumg Lt;aa«. 
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CENTRAL PROVINCES—con^. 

DlSXBlOT. Otantee. 

! 

1 Mineral. 
j 

Nature 
of grant. 

1 
1 Area in 
1 acres. 

! 

Date of 
uotnmcnce- 

‘ ment. 
1 » 

Term. 

Btiandara (319) Mr. Moahiilal Doo. 
gar o( Calcutta. 

[ 
1 Manganese . 
1 

P. L. . 171 
i ■ ■■ ■ 
; 29th August 
1 , 1907. 

1 year. 

Do. (320) Do. do. . Do. . P. L. 907 Do. . Do. 

Dn. (321) MeHsm. Ciirectji (& 
Co. of Kainpteo. 

Do. . B. L. . 83 3nl August 
.1907. 

Do. 

Du. (322) Messrs. Lai Behan 
Narayaudas aud iUni> 
chanin Hhunkorlal of 
iCainpteu. ,, 

Du. . P. L. 140 7th fSepteiu- 
her 1907. 

Do. 

Do. (323) Mr. J. Kellonichon 
of ^'agpur. 

Do. . P. L. 311) 2Uth Auguet 
1907. 

Do. 

Do. (324) Mcssis. Lai Behari 
f^amyaiidas and Bain- 
diaraii Sliaukcrlal of 
Kauiptcc. 

Do. . 
1 

P. L. Ob- Du. Do. 

Do. (325) Mr. HiraUil Sukul Du. . P.L. 157 2jt]i Septcni 
her 1907. 

Do. 

Du. (320) Do. do. . Do. . P. L. 104 7th August , 
1907 

Do. 

Do. (327) Mr. Jl. U. Kichard- 
sou of K.amptce. 

Do, . P.L. 249 Ibt July 
1007. 

Do. 

Do. (328) Till) Hon’ble 
Gungadhar Itao Oiit- 
iiavls ()f f^agpur. 

Do. . P. L. 27 25tli Septum 
berl907. 

Do. 

Do. (320) Messrs. Curuetji & 
Co. of Nagpur. 

Du. . K.L. 61 3rd August 
1907. 

Do. 

Do. 

Do. 

(330) Do. do. . 

(831) Mr. It. IT. Richard- 
sou of Kumptee. 

Du. . 

Do. . 

P.'L. 

P. L. . 

34 

156 

29th August 
1907. 

1st J uly 
1907. 

Do. 

Do. 

Do. . : 

! 

(332) Messrs. Burjorjl 
Boeuiiji Bahmansha 
Paujdur Bros. of 
Nugimr. 

Do. . P.L. 20 .3nt,h 8eptoni- 
ber 1907. 

Do. 

Do. . (333) Mr. E. Nugauuali 
Noldu. 

Do. . P.L. . 115 20th August 
1907. 

Do. 

Do. 

( 

(334) Thrt Contra! India 
Mining Company, 
Limits, 

Do. . P. L. 214 2r>tli Septem¬ 
ber 1907. 

Do. 

nn. . (335) Do. do. , Do. . P.L. 82 Do. . Do. 

Do, . 1 (836) Do. do. . Do. . r..L. 67 Do. Do.' 

• Do. (337) Do. do. . Do. . P.L. 180 Do. Do. 

Do. (338) Messrs. Burjorjl 
Bessonjl Bahmansha 
Faujdar Bros. of 
Nagpur, 

Do. . P. L. . 416 .30t!i Septem¬ 
ber 1907. 

Do. 

Do. (339) Mr. Byrainji D. 
Duugaji of Kamptee, 

Do. . P.'L. 

1 

4 Do. Do. 

B. L. denotes Bxploriiig License, P. L., Prospecting License, and M. L., Mining Lease. 
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CENTRAL PROVINCES-«)nici. 

District. (Traiitff. MlDeral. Nature ol 
graut. 

An.‘a in 
Hcrcs. 

Date of 
ronimence- 

nicot. 
Tenn. 

ilhandara (:140) Messrs. Jiyraniji 
J’estonji nt JUipnr. 

Manga Dcao E. X.. lUU 29lJi Juno 
1907. 

1 year. 

Do, (:U]) Do. (1«). Do. . K. 1 . • 2,132 Do, Do. 

Do. (342) Mr. Bynuitjl 
I’cstonji. 

Do, . E. L. 1,238 :ird Augiust 
1007. 

Du. 

Do. (343) Do. do. Do. . E, L, • 2,125 251h Soplciii- 
Iht 1907. 

Do. 

Do. (341) TIk! Cnitril ludi.i 
Mliung Co. 

Mira, (onmdiiiii 
and doloiuite. 

P. L. • 476 Do. Do. 

Do. (345) Mr. Liillitdiaii 
Mnriiyftiuljis. 

D<». . P, L. ■ 3i 7t)i 
Ijor 1907. 

Do. 

Do. (346) JUi Snhib Matliiua 
Pra.sad uii<l MotJlal o/ 
CBhiudwara. 

AUugaucnt; . P. JL. 97 20Ui No\rm- 
her 1907. 

Do, 

Do. (347) Do. do. . Do. . P. lu 09 6th Decern- 
bor 1907. 

Do. 

Do. (343) Do. do. . Do, . P.D. ■ 330 26th Novcin- 
her 1007. 

Do. 

Do. (340) Do. do. . Do. . P, L. 47 26th Novem¬ 
ber 1007. 

Do. 

Do. (350) Do. do. . Do, . P. J.. » 61 Do. . Do. 

Do. (351) Mr. ByrnmJI Pcs* 
toiiji ol Eaipur. 

Do. . P. L. • 1,075 20th Decem¬ 
ber 1007. 

Do. 

Do, (352) Mr. Huralul Hukul 
of Eaiii])toe. 

Do, . P. J.. • G5U 26tii Novem¬ 
ber 1007. 

Do. 

Do. (863) Messss. Cursutji & 
Co. 

Do. . P. 1. • 04 ■llh October 
1907. 

1)0. 

Do. (364) Do. do. . Do. . E. L. • 7 Otli Decem¬ 
ber 1907. 

Do. 

Do. (355) Mr. Ucrnlal Sukiil, 
Pleader, of Karnptec. 

Do. . P. L. • 0'(1M 4lh October 
19('7. 

Dit. 

Do. (356) Do. do. . Do. P. L. 21 Do. . Do, 

Do. (357) Mnaais. Cuisetjl & 
Co. of Eamptec. 

Do. . P. L. « 4 0th Decem¬ 
ber 1907. 

Do. 

Do. • 

\ 

(368) Do. do. . Do. . P. L. t 20 4th October 
1907. 

Do. 

Do. (359) Mr. J. J. Velloz of 
Nagpur. 

Do. . P. L. • 142 6th Octoticr 
1007. 

Do. 

Do. (360) BahuE. Nagnnnah 
Naidu, Bilaspiir. 

Do. . P. D. • 30 6th Decem¬ 
ber 1007, 

Df>. 

Bllaapnr (361) Mr. ByramJI Pes- 
tonjl of Raipur. 

Do. . K, L. • 1,30.1 14th August 
1907. 

Do. 

Cliliindwaia . (362) Rai Siiliil' Marliina 
Cmsnd .iiid IVpddal. 

D-'. . . 1 

1 
M. L, • 03 18 Ih Janu¬ 

ary 1907. 
30 years. 

E. L. decotcB Exploring Llccnaei I*. L., rioBjirriing LIcenpc, and M L., Mining Lcftso. 
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CENTRAL PROVINCES—oonW. 

D18T&I0T. Qrantec. Mineral. 
Nature u( 

grant. 
Area.in 
acres. 

Date of 
coinmence- 

meut. 
Term. 

Chhlndwam t (303) Bal Sahib Mathura 
Prasad and Motilai 

Manga Dcse • E.L. Nut reported 20th April 
1907. 

i year. 

Do. ■ (304) Mr. J. J. Vclloz . Do. . • 350 23rd May 
1907. 

Do. 

Do. (305) Cursetji Sc Co. Do. . • E.L. . 87 3lst May 
1007. 

Up to soil 
May 1908 

Do. (300) Khan Bahadur All 
iluza Klinti. 

Do. . • E.L. Not reported Do. Du. 

Do. • (307) Messrs. Visliwa- 
uatli Aao .Sulpokar and 
Kiuturbux. 

Do. • P, L. 055 18tli July 
1907. 

1 ycar,;l 

Do. • (368) Do. do. . Do. . . P.L. . 055 Do. Do. 

Do. • (30i)) Sotti Jiutnla] and 
Sotli .Sukhlal, 

Do. . • P. L. 25 12tU August 
1907. 

Do. 

Do. (370) Do. do. . Do. . % P.D. 258 12tli Septem¬ 
ber 1907. 

Do. 

Do. • (371) Mes>,rs. V. D. Sal- 
])ekar and Karhirbux. 

Do. . • P.L. 208 1st August 
1907, 

Do. 

Do. • (373) Do. do. . Do. . a J'. L. 168 Do. Do. 

Do, » (373) Mr. J. J. Vi'lloz of 
Magpur. 

Do. . P. L. 253 20th Scptoni- 
her 1007. 

Do. 

Do. (374) M*!ssts. V. D. Sul* 
p(‘kar and Knrtarbux. 

Do. , P. L. 90 18th t July 
1907. 

Do. 

Do. • (37."*) Do. do. . Do. . • P. L. 92 Do. . Do. 

Do. « (370) Do. do. Do. • P, L. 98 2i)(.h Stiptem- 
bor 1907. 

Do. 

Do. « (377) Kiinn Biilmdiir AU 
Riiza Kiian. 

Copper P. L, 52 20th Septem- 
i)er 1907. 

Do 

Do. (37.8) Messr.-., V. D. Salpc- 
karaiul (Cartaibiix. 

Manganese • P. L. . 72 22!vd .Tvily 
1907. 

Do. 

Du. # (379) Dt*. do. Do. 1*. L. . 114 20th Scptciii- 
hcr 1907. 

Do. 

Do. • (JflO) IChan B.ilmdu) All 
Raza Kh.ui. 

Do 1'. J-. 90 Do. Do, 

Do. t (3H1) Do. do. Do. . P. L. 403 lOtli SepUnn- 
lier 1907. 

Do. 

Do* • (382) MeSHrH. V'. D. Salpc- 
knraiid Kartarbux. 

Do. • P. L, 37 20t.h Si‘ptcm- 
ber 1907. 

Do. 

Do. 4 (383) Mr. .r. .T. V(‘lloz . Do. . R. L. 2.50 
j 

Do. Do. 

Do. ( (384) Seth lUud.iI and 
Hukhlal, 

Do- . E. L. 4t0 9tl» Augmt 
1907. 

Do. 

Do. (385) H. Venn.a and K. 
Lai. 

Do, • E. L. Not n*portcd 2lst August 
J907. 

Do. 

Du, (380) Messrs. V. D. Salpc- 
karand KurtiKbux. 

Do. • P. T.. 89 8tli October 
1907. 

Do. 

E. L. ionotoft Exploring Llrense, P, L., Prospecting Lioense, and M. L., Mining I^ease. 
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CENTRAL PROVlNCES-c(^w/t/. 

DlSTBlOT. ! (Jnmtee. 

1 

! Mineral. Nature of 
grant. 

1 

Area in aeirs. 
j 

Date of com- 
j ineucoincut. 

Term. 

(Jhliindwftra . i4(:W7) Messrs. V. D. Sal- 
: pckar and Katarbox. 
1 

! 
Muilgancso . 

1 

P..L. . 85 2ud Novum- 
bur 1907. 

1 year. 

Do. (UH8) r Messrs. Cursctji A 
Co 

Do. P. L. . 32 18th Outobur 
1007 

Do. 

Do, i (389) The Hoii’blo Mr. 
> U. M. Chitiiavis oi 

l^iigpur. 

Do P. 1. 43 21st October 
) 1907. 

1 Do. 
1 
f 
1 

Do. (390) Du do Do. 
I 
1 

P. L. . 69 14th October 
1907. 

1 Di\ 
1 1 

Do. (39i) Kal Snliib Mathura 
1‘nisad and Mntilal ot 
Chhimiwara. 

i Do. 
1 t 
\ 

K. L. . •Salwanl 
lUnge. 

29tli Novem¬ 
ber 1907. 

Do. 

Do. (392) Thu Hon’I.U* ATr. 
U. M. Cliitua\is. 

[ 

. DO. . . 
1 
1 

P. b. 31 23cd Derem- 
bci 1907. 

Du. 

i 

Do. i (393) Mr. J. J. Volloz of 
' Nagpur. 

; Do. 
1 

P. L. . 60 21st October 
1907. 

1 Do. 

] 

Do. (394) Messrs. Paniialal 
and Mulilal. 

J>o. P. L. . 24 lOtli Novem¬ 
ber 1907. 

Du. 
i 1 

I)n. (305) Messrs 'I'anirhaiul 
>Sai> and (*<i. 

Dn. P. 1, 95 17th Oulobor 
1907. 

Do. 

Do. (396) Mr. J*. N. llase ; Do. P. b. lil 23rd Of'tobor 
1907. 

Do. 

J)o. (307) Itai S\hiti Matliiiva 
J'raiuid and Motilai, 

j Du. Ib L. . Sot furuwlicd. Do. 

Do. (398) Mr. D. N. Mitra . 

' 

J)u, P. L. 295 28tJi Novem¬ 
ber 1907. 

Do. 

Do. (399) Mr. M. D. Dada- 
Idioy, 

Do. K. L. Not re|)ortcd 
i 

22iid Novem¬ 
ber 1007. 

Do. 

Do. (400) Messirs Jf. Vumia 
and Knnliuiyuhd. 

Do. E. b. . Do. 23nl Novem¬ 
ber 1907. 

Do. 

Hofliiangahftd 

1 1 

(401) Mr. P. D. (’ameron, 
Banker, i>cr Aginit Mr 
Barton of C’hhiudwara. 

Coul . P. L. 12,688 3rd Septem- 
Iwr 19(37. 

Do. 

Do. 

t 

(402) Do. do. Galena P. L. . 10 26th Septern- 1 
ber 1907. 1 

Do. 

Do. . 1 (408) Messrs. MueDonald 
A Oo., Bombay. 

Gobi, silver, cte. . M. L. 254 41Ii Septein- ! 
ber 1907. 

SO'ypjira. 

Do. . 

1 
(404) .>fossrs. Bataiirhand 
Eeshnchand Chullany 
Sl Bolus of Kamptee. 

Coni . • • P. L. , 12,355 1st November ! 
1»07. 1 

1 year. 

Jabbulpore . (405) Mr. J. Kellersjclion Iron and niaugaii' 
cse. 

E. L. 3.242 25th Febru¬ 
ary 1907. 

Do. 

Do. (40fJ) Mr. P. C. Dutt, 1 
Bar.-at-Law. 

1 

Gold, silver, cop- 
jM*r, lo.*id, lime¬ 
stone, dolomite, 
barytes, Iron, 
inaugaDesG, tin 
and zinc. 

E. L. 6,881 IStli January 
1907. 

Do. 

L. denotes Exploring Licenne, Proepoctlng License, and U, L., Ulning Lease. 
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GfSNTRAL PROVINCES 

^DimZCT. Grantee. Mineral. 
Kature of 
giant.' Area in acres. 

Date of com-, 
uieueemont. Term. 

Jubbulporo . (407) Meters. Dutt, Burn 
A Co,, of Jubbnlpuro . 

Gold, silver, cop¬ 
per, lead, arsenic, 
xinc, Iron, man- 
gauos(% UnicHtoue, 
dolomite, barytes, 
tin and antimony. 

V. L. . 2,7KB 14tli BepUun- 
bur 10Ud. 

1 year. 

Do. (408) Dlwnn Bahadur 
Kasturchand Dugu, 

Mungancso . P. L. 371) 27tli June 
1007. 

Do. 

Do. (400) Jubbulporo Pros¬ 
pecting Syndicate. 

Gold, silver, cop¬ 
per, lend, anti- 
luniiy, arsenic, 
UaryUw, dolomite,' 
xiuc, tin and 
limes tone. 

P. L. . 3,701 

i 

22nd Febru¬ 
ary 1007.. 1 

Do. 

Do. (410) Do. do. Manganese land 
irujt. 

M. L. . 14B lat August 
1907, 

80 years. 

Do. (411) Messrs. Byranijl 
Pcstonjl of Balpur. 

Mungaiiesu . B. L. . 7fi4 
1 ) 1 

3lat July 
1007. 

1 ywr. 

Do. (412) Mr. P. C. Dutt Bauxite P. L, . 1 294 
i 1 

21st June 
j 1007. 

Do. 

Do. 

Do. 

(41.D Do. do. 

(414)_Mr. tt. 11. Hiehard- 
son.’ 

All mltterals 

Mangaiietic . 

r. L. . 

1*. L. 

1 
1 123 

1 1H4 

1 Bth Decem- 
' IxT 1907. 

]0th Novem¬ 
ber 1907. 

Do. 

Do. 

Do. (415) Dutt, Burn 
A Co., of .Tubbulpure. 

Gold, [biInct, cop. 
per, lead, barytes, 
iirsunic uiid iron. 

P. L. . 449 31st DeVeiil- 
ber 1907. 

D«). 

Do. (41ft) Mr. .T. KidlersrJion 
ol Nagpur. 

M-ing.uiesu . P. L. . 20B 15ib October 
1907, 

Do. 

Do. (417) Messrs. Onnga Per- 
sliud lliinr Pursliad, 
Miuliig isyudiuat4‘, Jub- 
b’.ilpxii'L*. 

Do. 

j 

P. h. 93 4tb November 
1907. 

Do. 

Do. (41K) Mr. Hhlrish Chimdor 
Jloy CJi«»wdhiiry, 
JMcader, .liiblmlporr. 

.Manganese, ro.il 
and gra[)ltit<’. 

E. L. . 719 J 2th N{)V0iii- 
l)cr 1907. 

Do. 

NugfHxr (419) Mr. G. M. Prichanl .Miinguueso . P. L. . ;l() 23rd February 
1907. 

Do. 

Do. (420) Mr. D. Laxnii- 
uamyaii. 

Do. P. L. 45 2ii<l February 
1907. 

Do. 

Do. (421) Dowan Bahadur 
K'lislurcbaiid Duga. 

Do. P. L. 230 I3th Kebrimrv 
1907. 

Do. 

Di». (422) Mr. Madliiilal Doo- 
gar. 

Do. E, L. . 2,K.'i8 : 

1 
2ud February 

1907. 
Do. 

Do. (42;)) Do. do. . Do. E. L. . 1 1.2«1 Do. Do. 

Do. (424) Mr. J. Kellersciiou Do. E. r.. . ( 
j 
f 

3K8 1 l.'jtli February! 
1907. 1 

Do. 

Do. (42.')) Messrs. Rnlauoliand 
Keshrichand Chullany 
4 Co, 

Do. P. L. . 1 100 27th May ! 
1907. ; 

Do. 

Ji. L. denotes Exploriug Liocnvo, P. h., Proepecting License, and M. L„ Mining Lease. 
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CENTRAL PROVINCES-confei. 

DlSTRlCt. Grantee, Mineral, Natuie of 
grauK 

' Area in acres. 
1 

Date of com- 
monceiuent. Term. 

A'^gpur * . 

Do. 
f 

(420) Acssrs. Aatan- 
chaud Keshr ohau<l 
Diiullany <k Oo, 

(427) Mr. D. Laxmi- 
imrayuu of Jiaiuptec. 

'! - — 

Manganese 

Do. . 

P. L. . 

1 
■ J‘. L. . 

1 
1 101 

1 
' 125 

27th May 
1907. 

24tli April 
1907. , 

. lyear. 

Do. 

DO. 
9 

(428) Do. do. Do. P. L. . 290 Do. 1 . Do. 

Do. 

Do. 

(420) Messrs. D. Bezonji 
Daliuniaushuw Fouzdur 

Bros. 
(420) Messrs. Lnl Behan 
NarayandtiH and Knm- 
charau Sliaiikur Lai ol 
Kauipttic. 

Do. . 

' Do. f 

1 
, 

E. L. . 

I*. L. 

Not reported 
j 

40 

27th May 
1907. 

21st fAiiguBt 
1907. 

Do. 

Do. 

Do. (421) The Central Prov¬ 
inces Prospecting Syndi¬ 
cate. 

i Do. 
1 1 

1 

M. L. . Hi 2rd Septem¬ 
ber 1907. 

30 years 

Do. (122) Do. do. ' Do. . . f M. L, . 1C} Do. . Do. 

Do. (42.{) Mos.sr8. Lai Behnri 
Xaryaudan and ilnia- 
eliaran Shauker Lai ol 
Eauiptee. 

1 Do. 

1 
. 1 

K L . V 8.J 5th August 
1007. 

1 year. 

Do, . 1 

1 
(i:U)The Central Prov¬ 
inces Piobpecting Syndi¬ 
cate. 

Do. . . 1 M. L. . 

1 
IV 3rd Septem¬ 

ber 1907. 
30 year?. 

I 
Do. (4J5) Mr. D. Lnxiiii- 

nurayan of Kamptee. 
Do. P. L. . lOS 1 30th Septem¬ 

ber 1907. 
iCyear. 

1 
J.)o. 

1 
1 
1 

(420) MeMi^. Buijorji 
Bezonji Bahamainiliavv 
Eouzdar & Bros, of 
Nagpur. 

Do. P. I. 109 8th July 
1907. 

Do. 

1 
Do. . 1 (427) Messrs. Cnrsetji A 

(Vi. of Kuinpteo. 
Do, i' 1. . 1 220 12th August 

1907. 
Do. 

Do. . 1 (42S) Mi. D. Laxrni- 
aar.ijnn o£ K.iinptce. 

Do. 1’. L . ' 4:12 
1 
3nl Septeni- 

X'T l‘.K)7. 
Do. 

Do. (429) Lal.i B, SItarnin ol 
Nagpur. 

Do. I‘ L. 170 

j 

20tli August 
1907. 1 

Do. 

Do. (440) Mr. Cooverji Bhoja i 

i 
Do. 

i 

K. I . 1 rxr, ] 

I 

17fh August 
1907. 

Do. 

Do. . 1 Do. do. . 1 Do. K C. . 1 
I 

1 0th Septem- 
l>er 1007, 

Do. 

Do. . 1 

1 
(441)Mr. J.J. VelJoz . 

• 
Do. E L. . j 224 12th Augiwt 

1907. 
Do. 

Do, . • (442) Mr. a. 0. Holmes . 

1 

Do. . ' H L. . [ 
1 

Whole \illnp* 
1 

lOlh Septeni- 
her 1907. 

Do. 

Do. (442) The Centra! India 1 
Mining Co., Ltd. 

Do. M. L 
1 
1 

29th Novem¬ 
ber 19(»7. 

.10 yoar^. 

Do. . 1 

( 

1 
(444) The Tnclinn Mangan¬ 
ese Co., Ltd. j 

Do. 

1 
P. 1. . ‘ 

1 

I 
H{) 1 14th October 

1907. 
1 year. 

Do. . 1 (445)Mr. D. V. Kaoray \ 
1 of Wardlja. { 

Do. P. L. . j DO j 18th October 
1907. 

Do. 

E, Jj. denotes Exploring Licenpe, 1*. L.i rro^portmR LicriiBc, nnd M. L., Mining Lease, 
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.CENTRAL PROVINCES-«)n«rf. 
rr- 

- OUIBIOl. Orange. Mineral, Nature of 
grant. 

Area in acres. Date of com* 
mencemeiit. 

0 

Tern, ' 

N^pur ‘(446) Messrs. BurJurJl 
Dezonjl Jiahainansnaw 
Poujilar & firos.^oi 
Nagpur. 

Manganese . • P. L. . 37 22nd October 
1907. ^ 

\ 

1 yea^, . 

f * 

Do. (447) Messia. Cursetjl A 
Co. o( Kampteo. 

Do. . • P. L. . 60 8th October 
1907. 

Do. 

Do. . (448) Lala B. Sltaram of 
>iagpur. 

Do. . % P. L. . 160 18th October 
1907. 

1^., • 

Do. (449) Messrs. Jessop & 
Co. of Calcutta. 

Do, , • P. L. 288 16th Decem¬ 
ber 1907. 

Do, 

Do. (450) Messrs. Cursetjl A 
Co. of Kampteo. 

Do. • • P. L. . 111 6th October 
1007. 

Do. 

Do, , (451) itajaram Sitgram 
Dixit ut Nagpur. 

Do. . • P, L. . 40 ■2nd Decem¬ 
ber 1907. 

Do. 

Do. (462)Mr.J.J. VoUoz of 
Nagpur. 

Do. . • P. L. . 224 23rd Deeem- 
berl907. 

Do, 

Do, (453) Mr. Shuniji MadJho* 
Ji of Kamptee, 

Do. . • P. L. . 672 IS til Novum- 
bor 1907. 

Do. 

Do. (454) Mcssis, Ghoredutt 
and D’Costa. 

Do. . • IS. I. . 72 19th Novem¬ 
ber 1907, 

Do. 

Do, (455) Mr. Byraniji Pes- 
tonjl of Raipur. 

Do, . • N. L. . Not reported lltJi October 
1907. 

Do. 

Do. (156)5fr.S.O. Holmes . Manganese, iron, 
tin, copper, bis¬ 
muth, wolfram 
and molybdenum, 

E. L. . Do, 20th Novem¬ 
ber 19 7. 1 

Do. 

Do. (467) Do. do. . Do. . % ■B. L. Do. Do. Do. 

Do) (458) McaHrs, Eassam- 
bhoy, Rainji A Cu. 

Manganese . s E. L. . 76 nth October 
1W7. 

Do. 

Do. (459) Do. do. Do. ■ E. L, . 92 18th October 
1907. 

Do. 

Do. (460) The .Tubbulporo 
Prospecting Syndicate, 

Do. 209 18th Novem¬ 
ber 1907. 

Do. 

Darsinglipur (461)Mr. H.Mitm. Gold, silver, cop¬ 
per, lead, baryte*’, 
tin, zlne, nrscnle, 
Iron pyrites 

B 76 May 
1907. 

Do. 

Do. . (402) Raja Ookiildas . All iiiinorAls • E. L. . Not reported .5th August 
1907. 

Do. 

Suugur (463) Messrs. KalipraRan- 
na Miikhcrji auci BJiag- 
wandas Siwaya, Pleaders, 
^ugor. 

Mica, corundum 
and dolomite. 

E. X. . 8,503 29th Septem¬ 
ber 1007. 

Do. 

Do. (464) Do. do. All minerals • P. L. . 90 18th Novem¬ 
ber 1007. 

Do. 

leoni . (465) Messrs. I.al Behari 
Naiayandas and Rani> 
oliaran Shankerlal. 

Manganese . 4 P, L. . 63 26th June 
1007. 

Do. 

I 
E. L. denotes Exploring license, P. L.t Prospecting Licenso, and M. L., Mining Lease. 
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CENTRAL PROVINCES—concW. 

Dutsiot. Orantoe. 

Sooni . 

Do. 

Do. . 

Do, . 

Do. . 

Do. . 

^ i 

Do. . 

Do, . 

Do . 

Do. . 

Do. . 

Do. . 

Do. . 

Do. . 

Do. . 

Do, , 

Do. . 

Do. . 

Do. , 

Teotmal 

(406) Gowrl Shankar and 
Bakhta war Singh.- 

(407) Me8B». Oauriahan- 
ker and Bakhtawar 
Singh. 

(468) Byramji Pestoojl 
of ^ipur. 

(469) Byramji D. Dun* 
gajl of Kamptee. 

(470) Burjorji Bezonji 
Bahtnanaha Fouzilar 
and Bros,, Nagpur. 

(471) Mr. Qourl Shankar 
and Dadu BakJitawar 
Singh, Seonl. 

(472) Dadu Vishwanath 
Singh of Seoul. 

(473) 

(474) 

Do. 

Do. 

do. 

do. 

(476) Mr. Rambilas Mur* 
Udhar of Kamptoe, 

(470) Mr. Byromji Pes- 
toDjl of Raipur. 

(477) Do. do. 

(478) Mr. Dadu Visbwa* 
nath Singh of Seoul. 

(479) Do. Do. 

(480) Mr. Rambilaa Mur- 
lidhar of Kamptee. 

(481) Rai Bahadur Lala 
Onkardos of Seooi. 

(482) Mr. Dadu Vlshwa* 
naih Singh of Seonl. 

(483) Do. do. 

(484) Mr. Byramji Peaton* 
J1 of Raipur. 

(485) Messrs. Parry A 
Co. 

Mineral. 

Manganese 

Do. . 

Do. . 

Do. . 

Do. . 

Do. . 

Do. . 

Do. . 

Do. . 

Do. . 

Do. . 

Do. . 

Do. . 

Do. . 

Do. . 

Do. . 

Do. . 

Do. . 

Do. . 

Coal . 

Nature of 
grant. 

P. L. 

P. D. 

P. L. 

P, L. 

P. L. 

P. L.. 

P. D. 

P. L. 

P. t. 

P. L. 

E.L. 

E. L. 

P. h, 

P. L. 

P. L. 

P. h. 

P. t. 

P. L. 

E. L. 

P. L. 

Area In acres. 

946 

646 

Date of oora* 
mencement. 

7th Juue 
1907. 

24th Sept¬ 
ember 1907. 

^ 30th Sept¬ 
ember 1907. 

7*44 

800 

Do. 

Do. 

I 24Ui Sept¬ 
ember 1907. 

80 

74 

302 

173 

Do. 

Do. 

Do. 

28th Decem¬ 
ber 1907. 

Range. 

Forest Block 
No. 21 hi the 
Plparla 
Range. 

467 

804 

30 

173 

160 

69 

Not reported. 

14,060*36 

Do. 

1st November 
1907. 

Do. 

11th Novem¬ 
ber 1907. 

28th Decem¬ 
ber 1907. 

20th Novem¬ 
ber 1907. 

Do. 

10th Decem¬ 
ber 1907. 

For throe li¬ 
censes Ist 
February 
1907 and for 
one tioonse 
3rd June 
1907. 

Term. 

1 year. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

B. L. denotes Exploring License, P. L., Proepeettng Uoense, and M. 1., Lease. 
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EASTERN BENGAL AND ASSAM. 

DlSlRIOr. Qrantae. 

• 

Mineral. Nature of 
grant. Area In acres. Date of oom- 

menoement. Term. 

Chittagong . (486) Messrs. Turner 
Morrison ft Co. 

Coal, oil, gold, etc. P. L. 2,675-20 10th July 
1907. 

1 year, 
1 

Lakhiropur . (187) Assam Oil Co., 
Ltd.g ol Dlgboi. 

Oil and Its allied 
products. 

1 

P. L. . 50.424 1st February 
1007. 

Do. 

Do. (488) Babu Nanda Etsor 
Bella of Dlbrugarh. 

Coal . P. I. . 0,516*80 1st March 
1907. 

Do. 

MADRAS. 

Anantapur . (480) Mr, Charles Aubert Diamonds . 

1 

P. L. . 20-37 Tike issue of a 
sanctlooed ic 
1907. Mr. Jl 
requested th. 
be issued in t 
Mr. M. Tar 
has been ins 
put in a forn 
tlOB. 

license was 
1 November 
kUbert since 
at it may 
he name of 
dival. Ho 
tnictod to 
kal appllca- 

Bcllary (490) Mr. A. Ghosh for Mr. 
Jam bon. 

Manganese . P. L. . 18-68 2nd January 
1007. 

\ 

1 year. 

Do. (491) Mr. A. Ghosh Metalliferous mino- 
rals and precious 
stones. 

E. L. . 4,236 15th July 
1007. 

Do. 

Do. (402) M. Ramachondra 
Bao. 

Manganese . P. L, . 36 23rd Novem¬ 
ber 1007. 

Do. 

Do. (403) Mr. F. W. E. Duun Do. E. L. . 68-41 8th January 
1908. 

Do. 

Coimbatore . (494) Qovltidjee Odojee 
Salt. 

Corundum . Mining la 
patta land,; 

1 

6-88 4th July 
1007. 

2 years. 

Cuddapah . (405) Mr. C.W. Schem- 
burg. 

All minerals B. L. . 7,680 21st January 
1907. 

1 year. 

Do. (400) Mr. T. D. Kantha- 
ria. 

Li'ud and copper E. L. . Two taluks 4th May 1007 
1 

Do. 

Do. (407) Mr. A. Baghavalu 
Nayudu. 

Mica . E. L. . In the four 
taluks vU., 
Cudda pah, 
Hadanapalele, 
Vaya1p a d 
and Kadirl 
taluks, 

16th April 
1007. 

Do. 

B. I. denotM Exploring License, P. L., Prospecting License, end M. L., Mining' Lesse. 
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MADBA.S—contd. 

DiS fRlCT 

1 

Grantee, Mineral. Nature of 
grant. 

Area In acres. Date of com* 
mcucemont. Terjii. 

Cuddapah. . {49et) Mr. J. KrUhna- 
awami Xiiyudu. 

Mica . E. L. . In the four 
taluks, 9ig., 
Madaupalle, 
Vayalpod, 
Puiiampet, 
and Kadlrl 
taluks. 

5th May 1907 1 year. 

Qodavari (499) Mr. 3. 0. Waro . Iron, tnaugaueso 
and graphite. 

P. L. . 270-06 23rd July 
1007. 

Do. 

Quutur ((MK)} Mr. S. Craushaw, 
Manager, Madraa Man* 
ganeae Co. 

Copper P. L. . 1205 4th July 
1007. 

Do, 

Do, (501) Do do. Do. . P. L. . 2-93 Do. 

Do. (502) Do. do. Precious stones P. L. . 13-84 11th June 
1907. 

Do. 

Do. (503) Mr. W. Oayo Copper, lead, 
silver and gold. 

P. L. . 4UD The applicant 
in a Bubseqoe 
that tJic liceu. 
for might be 
abeyance for t 

requested 
ut letter 
ie applied 

kept in 
he present. 

Kurooui (504) Mr. Cliarlcs Aubert, 
Consul fur Uruguay aud 
Vice Consul for Portugal. 

Metalliferous mln> 
orals and precious 
stones. 

E. L. « 432 30th January 
1907. 

1 year. ^ 

Do. (505) Mr. T. B. Kantliorla Lead and copper . E. L. about 76,800 4th Hay 1907 Do. 

Do. (500) Messrs. Dymus & Co. Manganese, gold, 
cupper, and pre¬ 
cious stones. 

E. L. . 1,2^9.600 2)th Augus 
1907. 

Do. 

Do. (507) Mr. C. K. Bhoso . All niiuerals E. L. . 70,640 4th October 
1907. 

Do. 

Malub&r (508) Mr. A. 0. Dreshlct Manganese . E. L. . 612,000 Util July 
1907. 

Do. 

Do. (609) Mr. F. W. V. Plet- 
oJicr. 

Gold . P. L. . Not ascertain¬ 
able. 

2nd October 
1907. 

Do. 

Nellore (510) Mr. L. Cheuga 
Iteddl. 

Mica . P. L. . 18-85 8th Janimry 
1007. 

Du. 

Do. (511)Mr. R. V. Kuppii- 
swauil Aiyar. 

Do. , . I P. L. 16*60 27th March 
1907. 

Do. 

Do. (512) Hr. K. Rangasami 
Rao. 

Do. . P. L. . 10 23rd January 
1007. 

Do. 

Do. (513) Miiitammad Asa*ud- 
din Ahinad Sahib, 

Do. • P. L. . 12-54 7th March 
1907. 

Do. 

Do. (514) D. I'cchala Kayudu Do. . E. L. . Nut fixed 2l8t March 
1907. 

Do. 

Do. (615) R. y. Rangaswainl 
Rao. 

Do. , M. L. . 20 13th October 
1906. 

3 years. 

B. I<.» denotes Exploring 7iceiue> P. L., Prospecting License, and M. L., Mining Lewe. 
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M ADB AS. 

•117 

Dibtbiot, 1 Grantee. Mineral. Nature of 
grant. Area in acres. Date of ooro- 

nencement. Term. 

NcUore (^6) Haji Muhammad 
Badsha Sahib A Co. 

Mica . H. L. 
extenalon. 

168*65 4th Dooomber 
1900. 

?0 yeaia. 

Do. . (517) 1\ Aamaraghava 
Aeddi. 

Do. . 619-44 
• 

4th Sept¬ 
ember 1906. 

20 yean. 

Do. , (618) V. Annajl Bao Do. , M. L. . 63-66 3rd October 
1906. 

So yean. 

Do. (619) R. Bangaswaml . 
Bao. 

Do. . . P. L. 71 10 27th Febinary 
1907. 

1 year. 

Do. . (520) T. Sltaraiiii Beddi Do. . . . P. L. 17-11 18th January 
1907. 

Do. 

Do. . (621) T. Venkata Reddi . Do. . P. L. . 19-40 22nd January 
1907. 

Do. 

Do. , (522) L. Chengu Reddi . Do. . P. L. . 18-60 27th Februarj 
1907. 

' Do. 

Do. . (623) R. V. KnppuHwami 
Aiyar. 

Do. . P. L. . 18-65 14th Februarj 
1907. 

f Do. 

Do. . (524) R. Lakshminaraaa 
licddi. 

Do. . P. L. . 20 27th March 
1907. 

Do, 

Do. . (525) J. Pattabirami 
Reddi. 

1 

Do. , M. L. 44-95 20th Decem¬ 
ber 1906. 

3 years. 

Do. . (520) T. Venkata Reddi . Do. . M. L. . 04-78 4th August 
1000. 

Uth Novem¬ 
ber 1006. 

1 

30 years. 

Do. . (527) R. Lakslimlnarasa 
Reddi. 

Do. . M. L. 
extension. 

133-79 LDo. 

Do. . (528) Muhammad Fasi- 
nd'din. 

Do. . M. L. . 219 12th Febru¬ 
ary 1007. 

Do. 

Do. . (629) S. Venkataeubbiah Do. . M. L. 
extension. 

[ 153-61 16th January 
1907. 

Siyears. 

Do. . (530) P, Chenchuramayyn Do. . M. L.l . 66*22 3rd Decem¬ 
ber 1900. 

10 years. 

Do. . (531) T. Venkata Reddi . Do. . M. L. . 103*00 9tJi December 
1900. 

3 years. 

Do. . (532; HhJI Muhammad 
Badsha Sahib A Co. 

Do. . M. L. 
extension. 

46*30 16th March 
1007. 

30 years* 

Do. . (538) L. Chenga Reddi . Do. . M. L. . 3*05 26th Novem¬ 
ber 1900. 

3'yean. 

Do. . 1 (534) J. Ramoswami 
Reddi. 

Do. . M. L. . 47 09 I6th Janiiarj' 
1907. 

6 years. 

Do. . . 1 [535) S. Chinnachenchu 
Nayudu and S. Venkata- 
pa Nayudu. 

Do. . Mining in 
)>atta land. 

11-75 4th May 
1907. 

20 years. 

Do. . . ( .530) V. Kamakahhya . Do. . Do. 4*42 i 2sth May 
1007. 

frDo. 

Do. • . ( 637) R. V. Kijppoawanil ] 
Aiyar. 

Do. . P. L. , 10*08 J '6th April 
1007. 

1 year. 

L., Prcspectlng License, nnd M. L. Mining Lease. 
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MADRAS—contd. 

DiSTUOX. Grantee. Mineral. 
Nature of 
grant. 

Area in acres. Date of com¬ 
mencement. Term. 

24ellore (&8j) D. Venkata Bao Mica . P. L. 16 82 12th April 
1907. 

1 year. 

L'o. . (589) D. Fencha Nayudu Do. . . . F. L. . 19'42 lltii June 
1907.. 

Do. 

Do. . (540) F. Balaraml Reddi Do, . P. L. . 20 18th June 
1907. 

Do. 

Do. • (541) A. Baghavalu Kayu 
du. 

Do. . E. L. . Unoccupied 
and reserved 
lauds in the 
lour taluks. 

10th April 
1907. 

Do. 

Dp. « (542) J. Krbhnaawanii 
Mayudu. 

Do. . E. L. . Do. 19th April 
1907. 

Do. 

I>0. . (.'»4!)) Mutiaminad Fodl* 
ud-din. 

Do. . P. L. 
renewal. 

12 80 9th May 1907 Do. 

Do. , (544) T. B. Kantharia . Copper E. L. Ail lands at 
tiie disposal 

' of Govern¬ 
ment in four 
villages. 

6th June 
1907. 

Do. 

Do. , (545) H. V. Kuppuawaml 
Aiyar. 

Mica . P. L. 
renewal. 

24-68 13th June 
1907. 

2 mouth 

Do. . (646) Do. do. Do. . M. L. . 75-70 1st June 1907 30 years. 

Do. . (547) Ncllorp Obiilu Redd). Do. . P. L. 22 01 &th July 1007 1 year, 

Do, . (64Si}T. VenkaU Reddi, Do. . P. L. 16-86 ir)th August 
1907. 

Do, 

Do. . (540) K. Ouruswami Soin- 
ayajalu 

Do. . P. L. 19-20 13th July 
1907. 

Do. 

Do. . (560) Do. do. . ^Do . P. L. . 38'80 Do. Do. 

Do. . (551) y. Pichi Reddi Do. . Mining in 
patta laud. 

9'Oe 16th July 
1907. 

20 years. 

Do. . (552) V. Venkatasubbayya 
Nayudu. 

Do. . Do. a-20 30th August 
1907. 

Do. 

Do. (5.58) K. Krishnaswamy 
Mndaliyar. 

Do. . P. L. 14 13th July 
1907. 

Do. 

Do. . (554) Do. do. Do. . P. L. 12*92 2eth August 
1907. 

Do. 

Do. . (555) J. Fattabhl Rama 
Reddi. 

Do. . P. L. 
renewal. 

18*62 2&th July 
1907. 

Do. 

Do. . (666) Do. do. . Do. . P. L. 
renewal. 

39-32 Do. Do. 

Do. . (667) D. Chenchuramayya Do. . . . Mining in 
patta land. < 

4 27th August 
1907. 

Do. 

Do. . (566) R. Bamachendra 
Reddi. 

Do. . E. L. All occupied 
reserved and 
unreserved 
lands. 

20th Beptom- 
ber 1907. 

1 year. 

B. L. denotes Exploring License, P. L., Prospecting License, and M. L.y Hin'ng Lense, 
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MADRAS ^-concld. 

Distriot. Grantee. Mineral. 
Nature o| 

grant. 
Area la 
acres. 

Date of 
commence* 

mont. 
Terms 

lieUoie (559) C. Raghavalu Chetti Mica • Mining in 
pattaiand. 

2-91 16th Septem* 
her 1W7. 

20 years. 

Do. . (660) R> V. Kuppuswami 
Alyai. 

Do. . Do. . 9-96 12th May 
1007. 

Do. 

Do. . (561) E.Fenchala Reddi Do. F. L. 14*80 18th Novem* 
ber 1907. 

1 year. 

Do (562) R. V. Euppu- 
awami Atyar. 

Do. M.L. 
extension. 

30-08 2ud Septem¬ 
ber 1907. 

S years. 

Do. • 1 (663) Do. do. . Do. M. L. 24-68 ISth August 
1907. 

ao.yean. 

Do, • (564) R. V. Arthanari 
Alyar. 

Do. F. L. 19*70 iBt Novem¬ 
ber 1907. 

1 year. 

Do. , (665) K. Guruswami 
Somayajulu. 

Do. P. L. 19'76 8th October 
1907. 

Do. 

Do. , (666) £, LlQga Koddl . Do. P. L. . 
renewal. 

34*80 19th October 
1907. 

Do. 

Do. , (667) F. Vonkatarama 
Nayudu. Do. P. L. . 

renewal. 
36‘33 16th Decem¬ 

ber 1907. 
Do. 

Do, . • (568) I. Ramaswsmy 
Reddi. Do. M. L. 

extenelon. 
47‘90 18th January 

1908.' 
30'yenn. 

Do. . (569) R. V. Arthanari 
Aiyar. Do. B. L. Not stated 6th Decem¬ 

ber 1907. 
1 year.1 

Korth Arcot (570) J. Erlshnaswaml 
Kayudu. Do. £> L. . Do. 11th July 

1907. 
Do. 

Salem . (571) Messrs. G. 0. IS. 
Nagarajlah A Co. 

Corundum £. L. . 100 17th July 
1007. 

Do. 

Do. . (572) Mr. L. Tardlval . Minerals and 
precious stonoa. 

E. L. . Not stated . 0th October 
1907. 

Do. 

Trichlnopoly (673) Mr. A. Ghoso Minerals and 
mineral oil. 

E. L. . Whole of the 
taluk ex« 
eluding 
inam and 
private 
lands. 

29th October 
1907. 

Do. 

Vlzagapatam (674 Sri V. V. 8. 
Jagapathi Razu (Jurn! 
Zamin^iar ofKotlam, 
otc., Godavari. 

Graphite . M. L. . 26*50 9th August 
1907. 

16 years. 

Do. (676) 8. Craushaw, Ma- 
*toger, the Madras 
Manganeso Mining 
Co. 

Mang.inese E. L. • 664,720 16th August 
1907. 

1 year. 

£* L. denotes Exploring LlcensOi F. L.» Prospocting License* and M. L., Mining Lease. 
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NORTH-WEST FRONTIER PROVINCE. 

District. Grantee. 

PeRhawar, 
Kohat 
fiannu and 
Dehra Is- 
luaU Khan. 

(576) The Burma Oil Cu 
Ltd. 

Mineral. 

Petroleum 

Nature 0/ 
grant. 

E. L. 

Area in 
aersH. 

Settled por- 
tlouH of the 
North-West 
Frontier 
Province 
Bitiiated 
between 
Long. 60* 
7Z' and 
Lat, 31* 
34' ex¬ 
cluding 
transborder 
tracts in 
which Gov¬ 
ernment of 
India ex¬ 
ercises only 
political 
control. 

Date of 
commence¬ 

ment. 
Term. 

t year. 

PUNJAB. 

/heluiu (577) Lala Oanesli Dos . Coal • ( P. L. • 42 9th February 
1007. 

1 year. 
* 

Do. (578) Do. do. . Do. • P. L. • 133 Do. Do. 

On. (579) Do. do. . Do. • « P. L, s 295 Do. Do. 

Do. (080) Do. do. . Do. • • P. L. e 325 DO. Do. 

Do. (681) Punjab Coal Co. . Do. • • P. L. • 700 26Ui February 
1997. 

Do. 

Do. (582) Dabu 
Doe. 

Lakhml Do. • • P. I. • 407-0 6 til February 
1907. 

Do. 

IV), (583) Lala Qanesh Lai Do. « P. L. « 193-6 0th April 
1907. 

Do. 

Do. (584) Do. do. • Do. « • P. L. . 145-2 Do. Do. 

Do. (686) Lala Kishan Lai . Do. « • P. L. • 41-74 5th June 
1907. 

Do, 

Do. (586) Do. do. . Do. t • P. L. « 61-97 Do. Do. 

Do, (.687) Do. do. . Do. ■ • P. L. • 86-31 24th Juno 
1907. 

Do. 

Do. (588) Do. do. . Do. . P. L. . 116-37 Do. Do. 

Do. (589) Ral Sahib 
ram and Sons. 

Rocha- 
Do. • • P. L. • 233 2iBt June 

1906. 
Renewed 
Ull 20th 
June 1908. 

Do. 

Do. (590) Do. do. . Do. e t P. L, ■ 405 Do. Do. 

Do. . (SOI) Lala Thakcr Das . Do. f « P. L. 32-544 8th July 
1907. Do. 

E. L., denotes Exploring License, P. L. Prospecting License, and M. L„ Mining Lease, 
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PUNJAB. 

Doxaiot* Grantee. MloeraL y Nature of 
grant. 

Area in 
acres. 

Date of 
commence* 

ment. 
Term. 

Jhelum , ^ (692) Pandit Bhola 
Natli. Coal « • P. L. . 144 Slst July 

1907. 
1 year. 

1)0. (693) Do. do. . Do. a P. L. . 102’6 Do. Do. 

Do. (694) Lala Thakar Das . Do. • • P, 1. . 92 38 3rd October 
1907, 

Dow 

Do. (596) Lala Ishar Das Do. « P. L. . 
i 

164*81 10th October 
1907. 

Do. 

Ulanwall (596) Lala Thakar Das, 
sou of Lala {^WlshoQ 
Das. 

Do. e P. L. . 1 a 1 
i 

957 23r(l October ! 
1907. 

Do. 

Shahpur (597) PIr Chan PIr of 
Pall. 

Do. • P. L. . 
1 
1 

624 25th July 
1907. 

Do. 

UNITED PEG VINCES. 

Alinora . (508) Mr, B. M. Nash, on Copper • • P. L. . 

0 

1.067 Ist June 
1 

1 y^ar. 
behalf of Mr. 0.0. 
Audersou. 

1907. 

Do. (599) Mr. li. M. Nash on Do. . . P. L. . 1,017 Do. I Do. 
1 l>chalf of Mr.»W. J. 

Bum. 1 

Oarhwal (600) Mr. E. M. Nash . Do. • 0 

1 

fM. L. . 1,195 Ist Octaber 
1907. 

30 years, 

1 

SUMMARY. 

FKOVInOES. Prospecting. 
licenses. 

Exploring 
lice uses. 

Mining 
leases. 

Total of each 
Province. 

Laluchistan ...... 2 1 6 n 

Bongul. 41 • • 1 42 

Doiabay. »4 02 5 101 

Burma. 41 0 4 64 

Central Provinces ..... 186 76 15 277 

Eastern Bengal and Assam .... 3 .. • • 3 

Madras ....... 38 22 27 87 

North-West Krontior Province • • 1 1 

Punjab. 21 . ■ » • 21 

[Jultod Provinces. 2 • . 1 3 

total for each kind and Grand Total, 

1907. 

368 I7I 61 

/or 1900 . 147 41 64 252 

E. L. denotes Exploring License, P. L. Prospecting License, and M. L. Mining Lease. 
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CLASSIFICATION OP LICENSES AND LEASES. 

Table 39.—Prospecting and Mining Licenses granted in Baluchistan during 1907. 

District. 

1 
1907. 

1- • 

No. Area in acros. Mineral. 

Prospecting Licenses. 
Boian .... 1 IGO Coal. 

Las Fela »SUte 1 480,000 Minerals of nli kinds. 

Total . 2 — 

Mining Leases. 

Bolan .... 1 319-98^ Coal 

Kalat BoIud . 1 67-194 Do. 

KahtDcgiZ' , 2 71 Do. 

QuetU Pifihin. 1 51*89 Do. 

Du. 2 160 Chroui'te. 

Zhob .... 1 80 Do. 

Total . ^ 8 % ^ 

Table 40.—Prospecting and Mining Licenses granted in Bengal during 1907. 
Prospecting Licenses. 

Burdwan 1 1,468-5 O'lal. 

Hazaribagh . 19 1.947-6 Mira. 

Sioghbhum . 12 3,866 *6 Manganese. 

Do. . . 7 16,481*6 Manganese and iron-ore. 

Do. 1 1,920 Iron-oro. 

Do. A 1.920 Gold. 

Total . 41 • • 

Mining Leases. 

Oaya .... 1 28-26 Mien. 



Part 2.] Holland : Mineral Production of India during 1907, 123 

Table 41.—Prospecting and Mining Licenses granted in Bombay during 1907. 

DlSTBlOT. 

1907. 

No. Area in acres. Minoral. 

Prospecting Licenses. 

Belgauiu 2 921 Maugaoe^e. 

Bijapur 1 1,109 AabeBtna. 

Dharwor 3 2,207 OoM. 

Do. 3 2,037 Mangnnese. 

Do. 1 1,56S Graphite and copper. 

Do. 1 909 Copper and lead. 

Kioam 19 26,960 Manganese. 

Pauch Mahals 3 2,240 Do. 

Rataagiri . 1 61 Do. 

Total , 34 • e \ 

Mining Leases. 

Dharwar • • 2 1,626 G..ld. 

Panch Mahals « • 3 528 Maiiganose. 

Total . 5 « • 

Table 42.—Prospecting and Mining Licenses granted in Burma during 1907. 

Prospecting Licenses. 

Amherst • • • 1 309'14 Antimony. 

Baasem • a « 1 3,200 Coal. 

Bhamo . • e 2 5.940 Gold. 

Henzada • • • 2 1 5,120 
1 

Coal. 

Katha . • • 2 1 3,081-5 
1 

Copper, load, etc. 
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District. 

1007. 

Area in acres. Mineral. 

Prospecting Licenses.- —contd. 

Kfttha 1 1,360*4 Coal. 

Mandalny 2 308*83 Iron-ore. 

Mergui .... 5 10.646-83 Tin. 

Myiugyan 7 22,202*33 Petroleum. 

M3dtkyina , . 1 0,400 Ovtld, copper, platinum, etc. 

X. Shan States 2 0,400 Silver, lead and allied niinerasl. 

Do. 2 3,200 Copper. 

Fakdkku 3 4,480 PotroIeuiD. 

S. Shan States t> 1,280 Coni. 

Do. 1 1,920 Copper. 

Do. 1 Not stated Antimony and other ores. 

Do. 1 Di», All mineraLs. 

Tavoy .... 2 2,890 Do. 

Thayetmyo . 1 040 Petroleum. 

Toungoo 1 3,200 Silver, lead and other inetaK 

Yamcthia 1 1,280 Do. do. 

Total .* 41 • « 

Mining Leases. ♦ 

Akyab .... 1 500 Coal. 

Mandalay 1 160 Silver and load. 

Mergui .... 1 1.966*72 7 in. 

N. Shan States 1 10,240 Silver, copper, leail and zinc. 

Total . 4 • • 
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Table 43.—Prospecting and Mining Licenses granted in the Central Provinces during 
1907. 

Balaghat 

Do. 

Du. 

Do. 

Bhandara 

Do. 

Do. 

Do. 

Do. 

Cbbiudwara 

Do. 

Ho*)hangabad 

Do. 

JubLulpjre 

Do. 

Do. 

Nagpur 

Narsfughpur 

Saugor . 

.Seoul • 

Teotmal 

Prospecting Licenses. 

10.318 

1,310 

007 

n 

H,r>89*C8 
« 

67 

1,300 

341 

61.3 

4,317 

62 

26,043 

10 

855 

7,161 

294 

4,247 

76 

00 

4,848-44 

14,050-36 

Manganese. 

Mniignnosp, bauxite and iron. 

Mica. 

Mica, corundum and dolomite. 

Manganese. 
I 

Mica. 

Asbestos. 

Manganese, iron-ore and galeno. 

Mica, corundum ntid dolomite. 
I 

Manganese. 

Copper. 

Coal. 

Galena. 

Manganese. 

All ndnera)?. 

Bauxite. 

Mangauese. 

All minerals. 

Do. 

Manganese. 

Cutil. 

Total . 186 
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Tablk 43.—Prosyeciing and Mining Licenses granted in the Central Provinces during 
1907—continued. 

Mining Leases. 

Balaghat 5 920 

Bhandara 2 573 

Do. 1 42 

Chhindnara . 1 G3 

Hoshangabad 1 254 

Jubbulpf.re 1 148 

Nagpur 4 7fi 

Total 15 • • 

Do. 

Asbestos. 

Manganese. 

Gold, silver, etc. 

Manganese and iron. 

Manganijse. 

Table 44.—Prospecting Licenses granted in Eastern Bengal and Assam during 1907. 

Prospecting Licenses. 

Chittagong ... 1 

Lahhiinpur ... 1 

Do. 

Total 

Table 45.—Prospecting and Mining Licenses granted in Madras during 1907. 

Prospecting Licenses. 

Auahtapur 

Bellhry . 

OodaTan 

Guutnr . 

1 20-.37 

2 54-68 

1 279 96 
1 

2 15-88 

Diamonds. 

Manganese. 

Iron. iiiAnganese and gra phite. 

Copper. 
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Tablts 460—Prospecting and Mining Licenses granted in Madras during 1907-oontd. 

1907. 

Dktmot. 
No, Area in acres. Mineral. 

Prospecting Licenses ~ -contd. 

Quntur . • • • 1 13-84 Picoiuuaatunea. 

Du. • • • 1 400 Copper, lead, silver and gold. 

Malabar 1 Not .stated Ould. 

Nellore . « « • 29 641-84 
1 

Miea. 

Total . 38 fM 

1 

_Mining Leases,_ 

Coimbatore ... 1 6-88 Corundum. 

Nellore .... 26 1.972-97 Mu a. 

Vixagapataru ... I 20*60 Craphite. 

Total . 27 
" ' ' \ 

Table 46.—Prospecting Licenses granted in the Punkah during 1907. 
Prospecting Licenses. 

-fhelum . ... 19 3,712*32 ^Ccal. 

Miaawali ... 1 967 Do. 

f?hah|iur , . , 1 624 Do. 

Total . 21 .. | 

Table 47.—Prospecti/ng and Mining Licenses granted in the United Provinces during 
1907. 

Prospecting Licenses. 

Almon .... 2 2,074 j Copper. 

Mining Lease. 
I 

I 
1,196 j Copper. Oarhwal 1 
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Table 48.—Summary of Concessiona granted in Government lands during the ten 
years 1898 to 1907. 

Year. 
Mining and 
Prospecting 

License?. 

Exploring 
It'cense?. 

^ Total. 

180S • • • • • • 85 1 86 

1899 • • • • • • 47 13 60 

1900 • • • Cl 11 72 

1901 • • • • 89 15 104 

1902 • • • • 89 10 105 

1903 • m 0 • • 84 16 100 

1904 • • • • • • 125 20 151 

1905 « • • • • • 145 44 189 

1906 • • ♦ • • • 211 41 252 
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On the occurrence of striated boulders in the 
Blaini formation of Simla, with a discussion 
OF THE GEOLOGICAL AGE OF THE. BEDS. By SIR 
T. H. Holland, K.C.I.E., D.Sc., F.R.S., Director, 
Geological Survey of India (with plate i). 

The “ Blaini group ’ ’ of strata in the Outer Himalaya of the 

Punjab and United Provinces was so named and first described by 
H. B. Medlicott in 1864.1 One of the beds in this group was 

described as a “ conglomerate ” ; but attention was not drawn to the 

unusual nature of the formation until Mr, R. D. Oldham pointed 
out in 1887^ that the term “ conglomerate ” used by Medlicott was 

inappropriate, as the fine-grained slaty matrix in which the boulders 

lie is often in excess of the volume of the pebbles. Mr. Oldham 
concluded that the peculiar characters of the beds could only have 

been obtained by the agency of floating ice, from which stones of 

various sizes originally lying on, or embedded in, the parent glaciers 
were dropped into the silt that was atcumulating in the neighbour¬ 

ing sea. Oldham mentioned instances of boulders on which there 

were markings, possibly due to glacial action, but he evidently re¬ 

garded these scratches with some suspicion in consequence of the 

fact that the beds had been greatly disturbed by the earth-move¬ 

ments, and the markings on the pebbles might thus have been 

caused by the movement of the gritty matrix over the surfaces of 

the pebbles.^ 
In spite, however, of the absence of this particular form of posi¬ 

tive evidence, Oldham was of opinion that the glacial theory was 
the only one that accounted satisfactorily for the peculiar characters 

of the Blaini boulder-beds. 

Most geological visitors to Simla have probably taken the op¬ 

portunity of examining these beds on the off-chance of finding 

scratched pebbles, and ill-defined marks are not uncommon. The 

boulder represented on plate 1, however, shows the essential signs 

of glaciation to an unmistakable degree, and may thus be regarded 

1 Mem. Qeol. Surv., Ivd., Ill, Part 2, p. 30. 

2 Geology of Simla and Jutogh, Bee. Qeol. Surv. Ind., XX . 

8 Manual, Geol. Ind., 2nd Ed., 1893, p. 133. 
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as a district confirmation of Mr. Oldham’s views. It measures 
20 X 12 X 7 centimetres, and the two smoothed faces, approximately 
parallel to one another, are scored by deep, well-defined striee, that 
form, on one of the faces especially, two principal systems of lines 
crossing one another. The other faces of the stone, which are 
in no way smoothed, are covered with a rusty crust that shows in 
section at the junctions with the smoothed faces. The rusty crust 
was thus presumably on the boulder before it became subjected to 
the process of grinding, and has been filed off to form the two 
smoothed and striated faces. 

Another scratched boulder, found by Mr. E. H. Pascoe, 
measures 53X30X19 centimetres. Although the striations are quite 
noticeable also on this boulder, the additional features of smoothed faces 
have not been developed, and the systems of striations accordingly show 
less pronounced constancy. The characters are, however, as well pro¬ 
nounced as those generally found in the boulders of a modern moraine. 

In his account of the Geology of Simla and Jutoghi, Mr. Old¬ 
ham pointed out that two distinct boulder-beds are exposed in the 
Simla area; the upper bed, occurring underneath the bed of mag- 
nesian® limestone, being the only one referred to by Mr. Medlicott. 
The two beds are separated by about 200 feet of thin bedded shales 
or slates, which arc black when freshly exposed to considerable 
depths, but show a peculiar cream-coloured tint on weathered sur¬ 
faces, and are thus referred to by Mr. Oldham as “bleach slates”. 
The striated boulders now described were obtained from the lower 
bed exposed in a road-cutting near the Mayo Institute, Simla. 

The late W. T. Blanford appears to have been the first to sus- 
pect that the Talchir boulder-bed in Orissa was due to ice-action f 
but it was not till 1872 that striated boulders were found in this 
formation, and then also the beds were found to be resting on a 
grooved and striated floor of Vindhyan limestone in the Godavari 
valley.* In this year also W. T, Blanford called attention to the 
significant resemblance between the boulder-bed under the Karroo 

1 Loc. citt p. 144. 

2 Lieutenant-(3«neral C. A. McMahon showed that near the Blaini river this bod con¬ 
tained about 36 per cent. MgCOg, while a sample from near Barana contained 33'8 per 
cent. MgCOs (ifcc. Oeol. 8urv. Ind., X, 1877, p. 210, 212). 

* Mem, Geol, 8wv. I, p. 49 (1866). 

i T. Oldham: Mem, Qeol, Surv. Ind,, IX, p. 324, £.n. (1872). 
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ayfltem in South Africa and that at the base of the corresponding 

Lower Gondwana system in India,i while as far back as 1861 Dr. 

T. Oldham had called attention to similiar lithological characters in 
the coal-bearing systems of New South Wales,^ where R. D. Old¬ 
ham® discovered the first striated boulder in 1885. 

The subsequent general recognition of glacial phenomena in places 

so widely separated as India, Australia and South Africa, at appar¬ 
ently the same geological horizon, gave rise to the idea that the 

phenomena were contemporaneous and due to a general refrigeration 
of at least this part of the globe. The correlation of the beds oi 

obvious glacial origin in these three continents with the Permian 

breccias of England, considered by Sir Andrew Ramsay to be due 

also to ice-action, suggested the idea that the refrigeration was more 

than local> 

The inference that all these glacial phenomena were contempor¬ 
aneous naturally suggested the same age for those occurrences ol 

apparently glacial boulder beds of which the age could not be deter¬ 

mined by other and independent evidence. Consequently it was 
assumed, when R. D. Oldham® pointed out the probable glacial 

character of the two boulder-beds in the Blaini formation near 

Simla, that these beds must also be of Upper Palaeozoic' age and 

equivalent to the Talchir boulder bed.® 

The inference was perfectly natural; one would be justified in 
assuming that a phenomenon so unusual as a widespread glaciation 

having left its marks on parts of Peninsular India, and in the Salt 

Range of the Punjab, was the probable cause also of similar marks 

in the adjacent Simla region and Kashmir. And the Blaini boulder- 

bed having been accepted as a reliable horizon of known age, the 
sequence of strata below and above it in the Simla region became 

distributed accordingly along the standard stratigraphical scale; 

those below the Blaini beds were regarded as Permian or older, and 

those above Permian or younger. 

1 Mem. Qcol. Surv. Ind.^ IX, p. 325. 

2 Mem. Qcol. Surv. Ind., Ill, p. 209. 

* Rec. Qcol. Surv. Ind., XIX, p. 44. 

i H. F. Blanford: Qmrt. Journ. Oeol. Soc., XXXI, I87'>, p. 530 eisiq.; R. D. 

Oldham, QiMrt. Jovrn. Qcol. Soc. L, 1894, pp. 469, 470 : E. Kokon, Ncues Jahrh f. Min, 

Qeol. u. Pal., 1907, pp. 446—646, 

6 Rec. Qcol. Surv. M., XX, 1887, p. 144. 

• B. D. Oldham, Ree. Qcol. Surv. Jnd., XXI, 1888, p. 142. 
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Nevertheless, some of us had felt that the absence of fossils 

throughout the great thicknesses of apparently suitable strata in the 

Outer Himalayas, and the contrast between these rocks and the 

remarkable succession of fossiliferous beds on the Tibetan side of 

the central range of crystalline peaks, needs special explanation. 
One might rest satisfied perhaps with the assumption that the 

unfossiliferous nature of a stratum to the south of the crystalline 

axis is due to some local accident that did not affect the formation 

of beds of the same age on the Tibetan side. Such an accident 
might perhaps be repeated even in two or three successive periods 

without raising suspicion, recalling even the development of the 
well-known Flgsch facies among the Cretaceous and Tertiary systems ; 

but when one notices that, on the I'ibetan side of the snowy peaks, 

every period from the Lower Palajozoic to the top of the Mesozoic is 
marked by highly fossiliferous strata, while to the south great 
thicknesses of strata are absolutely devoid of fossils, one naturally 

wonders whether these two sets of strata do in reality correspond 

in age, whether, in fact, it is possible that the waters in which the 

southern beds were formed were always devoid of living beings, 

while only a few miles away the ocean always was teeming with 

life. 
Knowing that in Peninsular India there occur great unfossili¬ 

ferous formations certainly older than the Talchir boulder-bed, it 
was naturally suspected that the northerly extension of these be¬ 

came caught up in the earth-folds that made the Himalayan range, 

and that the unfossiliferous rocks of the Outer Himalayas are but 

parts of the Peninsular systems of unfossiliferous rocks, and thus 

also pre-Talchir in age. 
So long as the widespread glaciation of Talchir times was the 

only one of the kind known, the presence of a typical boulder-bed 

in the Simla section could be produced as a serums stumbling block 

in the way of those who regarded the Simla rocks as older than 

the Talchirs. But evidences of glaciation have since been found 
in South China, in Australia, and in South Africa, as well as in the 

western part of the Northern Hemisphere, among strata very much 
older than the Talchirs. 

In China boulder-beds of probably glacial origin were discovered 

near Nan-t’ou (3l°N ; 111°E.) by the expedition sent out under the 
auspices of the Carnegie Institution and conducted by Bailey 

Willis. The beds occur below the Ki-sin-ling (Sinian) limestone 
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which elsewhere yielded Lower and Middle Cambrian fossils, and 
are separated from the limestone formation by a thin bed of con¬ 
glomerate, not necessarily representing any great interval of time.^ 

The remarkable development of glacial boulder-beds below the 
Cambrian in South Australia has recently been fully described by 
the Revd. W. Howchin.^ 

In South Africa two periods older than the Talchir (Dwyka) 
beds are marked by glacial phonomona — that in which the Table 
Mountain Sandstone was formed in Lower Devonian, or possibly 
pre-Devonian, times,^ and the much earlier, possibly even Huro- 
nian,* period in which the Griquatown series was formed.® 

On the coast of the Varangar fiord in Norway glacial pheno¬ 
mena have been described by H. Reusch and A. Strahan in a 
formation occurring below the Gaisa bods, which are regarded as 
equivalent to the Lower Cambrian or possibly pre-Cambrian spar- 
agmite formation of Central and South Norway.® 

Leas certain signs of glacial action have been referred to by 
H. Hicks as indicated by certain pre-Cambrian rocks of Wales,^ 
while in the new mining district of Cobalt, North Ontario, A. P. 
Coleman has described striated and “ soled ” boulders in a slaty 
matrix forming part of the Huronian rocks.® ' 

When it was generally assumed that glaciation involved a 

widespread refrigeration appreciably affecting most, and possibly 
affecting, all, the globe, and when the phenomenon was considered 
to bo a rare occurrence in past ages, naturally there was a ten¬ 

dency to regard such occurrences as probably contemporaneous. 
The theory of a world-wide refrigeration is not, however, univer¬ 
sally accepted, and thus the extra-Indian glacial beds would give 
us no reliable clue to the age of the Blaini formation, even if wo 
had but one pro-Talchir glaciation to consider. We are, therefore, 
no more able to give an age for the Simla rocks now than we 

1 Heacart^h HI Chimi: E. Blackwoldor, Vol. I, Parti, Cha|ttor XII; B. Willis, 
Vol. II, p. 39 (1907). 

2 Quart Journ. Oeol. Soc., LXIV, p. 234 (1908). 

3 A. W. Rogers, Trans. S, Airicau Phil. Soc.. XI, 1902, pp. 236—242 ; XVI, 1904, 
pp. 1—8. 

4 E. H, L, Schwarz. Trar^i. Oe.ol. Soc. S. Africa, VIII, 1905, p. 93. 

6 Rogers, IVans. Oeol. Soc. S. Africa, IX, 1906, pp. 8, 0. Schwarz, Journ. Qed., 
XIV, 1906, p. 685. 

6 A. Strah;n», Quatt Journ. Oeol. Soc., LIII, p. 137 (1897) and literature quoted. 

7 Oeol. Mag., 1870, p. 157 and 1880, p. 488—491. 

• Joum. Qeot, XVI (1908), p, 149. 
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* 

v^ere before the eigne of very old glaciation in the Southern Hemis¬ 
phere and South China were known. These occurrences have, 

however, relieved us from the obligation of correlating the Blaini 
boulder-beds with those of the Upper Carboniferous Talchir series, 

and those who maintain that the unfoasiliferous strata of the Outer 

Himalayas should be correlated with the pre-Talchir unfossili- 
ferous systems of Peninsular India have no longer the boulder-bed 

difficulty to apologise for. 
A boulder-bed has been recognised among the pre-Vindhyan 

rocks of the Son valley in Central India, but the positive signs 

usually accepted as evidences of glaciation have not been detected 

in this formation.^ It is impossible, therefore, to accept this as 
a suggestion for correlation in the absence of other parallel fea¬ 
tures, Meanwhile, in order to accommodate the great post- 
Dharwar unfossiliferous systems of the Peninsula and their probable 
representatives in the Outer Himalayas, I have elsewhere^ suggested 

the group name Purana, on the supposition that these systems 
are probably in part or wholly pre-Cambrian in age, and perhaps 
the Indian representatives of the great post Huronian, pre-Upper 
Cambrian formations so well known from the occurrences in Canada 

and the United States. 

Summary. 

The occurrence of characteristically smoothed and striated 

boulders supports Oldham’s conclusion as to the special origin of 
the Blaini beds iii the Outer Himalaya of the Punjab and United 
Provinces. 

The recent discovery of glacial boulder-beds much older than 
the Talchir-Dwyka horizon in South China, Australia and Africa, 
in addition to the evidences of very ancient glaciations in more 

northerly latitudes, shows that the Talchir glaciation in Peninsular 
India, being only one of many such phenomena, cannot be ac¬ 
cepted as necessarily equivalent to the Himalayan glacial beds. 

This conclusion removes the principal objection to the arguments in 
favour of regarding the unfossiliferous systems of the Himalayan region 
to be outliers of those south of the Indo-Gangetic alluvial plain, 

which are known to be pre-Talchir (pre-Upper Carboniferous) in age. 

1 R. D. Oldham, ifem. Cteol. 8urv. Ind,^ XXXI, 1901, p. 132, 

S Fresidenticd Addreaa ; TrwM» Min, and Oet^, Inat, India, Vol. 1,1900, p. 19. 
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The unfossiliferous systems of the Outer Himalayas, and those 

of pre-Talchir (pre-Upper Palseozic), post Dharwar (post Huronian) 
age in the Peninsula of India are placed provisionally in one group 

distinguished by the name Purana. The systems in this group 

cannot be correlated with those of the standard scales of Europe 
and America, but they are probably wholly or in part pre-Cambriaii 
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MISCELLANEOUS NOTES. 
-^- 

Note on Jurassic and Triassic fossils from Nepal. 

Mr. F. R. Cowper Reed has recently made an important dis¬ 
covery of fossils from Nepal that have been lying unnoticed in 
the collections of the Sedgwick Museum, Cambridge, since 1872.^ 
According to the label preserved with the specimens, the fossils 
were obtained from “the Salagrammi River near Mooktinath,’* 
and were presented by Dr. Wallich to “ T. F. C.,’* presumably 
Major-General T. F. Colby, F.R.S., in 1822. Dr. N. W. Wallich 
was Superintendent of the Royal Botanic Gardens, Sibpur, from 
1815 to 1846, and, as shown by his papers in the Transactions of 
the Asiatic Society of Bengal, described various collections of plants 
from Nepal. It is possible, therefore, that, with the plants, he 
obtained the fossils referred to by Mr. Reed. 

The fossiliferous rocks lying to the north of the crystalline, 
snow-covered peaks in Spiti and Garhwal have been studied in 
considerable detail by the Geological Survey of India.^ The oc¬ 
currence of Spiti shales and other Jurassic beds in Eastern Tibet 
to the north of Sikkim was also definitely established by Mr. 
Hayden ® when attached to the Younghusband Mission in 1903- 
1904. The recognition of Jurassic fossils from Mukhtinath, which 
lies to the north of the Nepalese crystalline peaks, thus helps to 
fill in the gap and confirms the conclusion that on the Tibetan 
side of the crystalline axis of the Himalayan range there is a 
continuous zone of marine sediments, indicating approximately the 
northern coast lino of the old Gondwana continent.* 

Mr. Reed has made provisional determinations of the fossils 
now found in the Sedgwick Museum, and points out that they 
are nearly all closely related to known forms in the Spiti shales 
of Kumaon and Garhwal- Two specimens, however, have Triaa- 
sic afiSnities, and it is thus probable that Triassic as well as 
Jurassic strata occur to the north of Nepal. The Jurassic (Upper 
Jurassic) forms include:—Belemnites cf. sulcatm Miller, Hopliies 

1 Qect. Mag., Decode V, Vol. V, p. 250, June, 1908. 

* Of. Hayden, Mem. Oeol. Surv. Ind., XXXVI, Part I, 1904, and literature 
quoted. Pal, Ind., series XV, Vole. I—V. 

S Jlfem. Qeol. Surv. Ind., XXXVI, Part 2, p, 160, 1907. 

* Of. General Report, G. S. I., for 1903-04, Ree, Qeol, Surv. lnd„ XXXII, pp. 163, 
164, 1805. 
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WalUchii Gray, Perisphinetes cf. biplex Sow., P. cf. torqtuUus Sow,, 

P. aff. frequens Oppel, P. cf. sabineanm Oppel, Oppelia {Str^lUes) 

cf. Griesbachi Uhlig, Parallelodon egertonianits Stoliczka, Nucula sp, 
Rhjnchonella cf. variabilis Schloth. 

Mr. Reed’s discovery clears up the doubts that have long been 

entertained regarding the “Saligram” question. The name has 
long been applied to rounded black stones regarded as sacred by 

tho Hindus. Some of these are concretionary bodies with nuclei 
of Jurassic Ammonites, such as are commonly found in the Spiti 
shales; but many of the so-called Saligrams obtainable in Indian 

bazars are black rounded pebbles of various kinds of rocks, and 

presumably, therefore, business instincts have given rise to a wider 

application of the name, the outward and visible features being 
not always accompanied by the internal structure that is supposed 

to be essentially connected with the sacred character of the stone. 

Ammonites from the Spiti shales, with and without the con¬ 

cretionary envelopes, have long been brought into India from the 

North-Western Himalayas, and it was in consequence of this fact 

that Dr. W. T. Blanford doubted the Nepalese origin of Dr. J. E. 

Gray’s type-specimens, said to have been obtained from “Sul- 
granees.^ ” t 

Dr. Blanford thought ‘‘Sulgranees ” must have been a mistake 

for “Saligram, ” and that the Ammonites had been obtained 
from the North-West, where similar Ammonites were known in 

the Spiti shales. It now appears from Mr. Reed’s discovery, 

that Spiti shale Ammonites were undoubtedly obtained from the north 
of Nopal, and, as pointed out by Lieutenant-Colonel Wilford,^ tho 

river Gandak, which rises in Nepal, is locally known as tho “Sal- 

lagramma ” because of the stone of that name found in its bed. 

The specific names given by Gray, A. nepalensis and A. Walli- 

chit, generally agree with tho labels preserved in the Sedgwick 

Museum in indicating that Gray’s specimens were obtained from 

Nepal through the agency of Dr. Wallich, while Mr. Hayden’s 

work further east in Tibet shows that the Spiti shales are con¬ 

tinued in that direction on the northern flanks of the crystalline 

peaks, and are thus almost certainly to be found also to the north 
of Nepal. 

1 Proc.^ MalacoL, Soc., V, 1903, p. 345, and Bee. Ocol. Surv. Ind,, XXXI, 1004, p. 46. 

2 3Vaw#. As. ^'oc. (Bcfiff,), XIV, 1822, p. 416. 
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The fossils obtained by Mr. Hayden from the crushe<i rocks 
regarded as probably Triassic in age in Eastern Tibet could not 
be identified, even generically, and it is thus not possible to corre* 
late these with the Triassic fossils recognised by Mr. Beedin the 
collections from near Mukhtinath in Nepal. 

T. H. HOLLAND. 
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' X ? * aii;ci bueir extmotion in tlie Temperate zone. As long 

ago as 1876 Lydekker was fully cognisant of the older facies 

presented by the vertebrate remains of Sind and Baluchistan, but 

he seems to have been prevented from assigning to the beds an 

age corresponding to their fossils by the consideration that the 
marine Gaj, which directly underlay them, was accepted without 

. , . ^ ^ question as Upper Miocene. Now that 
A revision of former i i i aai i xi. ^ xv t 

views necessary. * 
the Gaj cannot be newer than 

burdigalian, such an objection no longer exists and we are in 

a position to consider the age of this fauna fairly, and on its 
Jl>^yn merits, 

9 



140 Records of the Geological Survey of India. [VoL. XXXVII. 

The present writer’s 
coiitrilkutioii to the 
(liiestioii. 

In a recent paper in the Records' the present writer sug¬ 

gested, mainly on palaeontological 
grounds, that the beds in the Bugti 
hills, from which a small collection of 
both vertebrate and invertebrate fossils 

had been made, was older than the Siwalik and probably con¬ 
temporaneous with the marine Gaj of Sind. A visit to this 
country in the early part of this year has enabled me to settle 
the point definitely. 

At the time when I wrote my previous paper I was under 
the impression that all the fossils had been found in the same 
beds. It appears however that Teirabelodon angustidens, T, yan- 

dionis and T. falconeri are not associated with the anthracotheroid 
fauna and the mollusca of which Blanford wrote descriptions; 
but an unconformity occurs between the two series of strata. 
As will be shown further on, the older of these two faunas 
may be regarded as aquitanian in age and the yoimger, which 
is truly Lower Siwalik, as sarmatian—with a possibility of its 
being even older than that. 

The results obtained as a whole are interesting, and it is 
with the object of making them known that the present paper 
is mainly written. In connection with them a general review of 
the whole set of freslnvater deposits jnet w'ith in Sind and 
Baluchistan may not be out of place. 

The existeiiee of four 
freshwater Series in Siiul 
and llaliiehistaii. 

ft is certain that in the Bugti hills there exist four distinct 

freshwater deposits, each of which is 
unconformable to the others. Three 
of them show more or less sign of 
disturbance and two of them are 

ossiferous. The fourth consists of horizontally-bedded gravels 
and conglomerates, which probably date from the Pleistocene, 
but as they give no definite indication of their age they may 
be generally referred to here merely as Post-Tertiary. Adhering 
to previous nomenclature these may be named in descending 
order;— 

1. Post-Tertiary. .*1. Lower Siwalik. 
2. tTpper Siwalik. 4. Upper Nari. 

I Qeol, Surv. 2nd.. XXXVI, p. 45. 
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This classification also holds good for Sind and other parts 

of Baluchistan, although in Sind a marine formation occurs be¬ 
tween the Upper NSri and the Lower Siwalik, while an upper 

division of the Lower Siwalik seems to be added, which may 
be known as Middle Siwalik. 

UPPER Ni.RI. 

The Upper Nari series of the Bugti and Marri 
country. 

Before dealing with the palasontology it will be convenient to 

first describe the beds generally and give an account of their 

stratigraphy. 
The ossiferous Upper N^ri series of the Bugti country attains 

a tliickness of 1,000 feet, the rocks are subject to considerable 
lateral variation, and it is often difficult to trace any particular 
bed for more than a short distance. As it happens, the same 
fossil species occur at different horizons, so that it has been 

^ found impracticable to regard the 
Lithological character. 4.1 • \ 1 

* senes otherwivSe than as a whole. It 
consists for the most part of sandstones, which are often of vari¬ 
ous bright colours. They pass here and there into red and 

yellow sandy clays. The sandstones differ from those of the 
Lower Siwaliks by their coarseness. They are frequently true 
grits with numerous quartz pebbles of the size of a pea. Beds 

of concretionary iron, sometimes conglomeratic in character and 
sometimes resembling laterite, arc common. Ferruginous conglo¬ 
merates are particularly well developed in Puli nala, nortli of Dera 
Bugti, near the base of the series, where some 200 feet of them 
occur with intercalated sandstones. Beds of an almost pure white 
sandstone containing lenticular bands and patches of black or 

dark red ferruginous matter occur. These standstones are in some 

places soft and form well rounded ridges and hillocks, looking 
like sandhills, and occasionally actually covered with some 
quantity of drift sand, while in others they are harder and resist 
weathering. One type is exceedingly characteristic of the series— 
in the Bugti area at all events. In this the sandstone has 
been hardened by some concretionary action along branches or 
in knobs, so that the result of the weathering of the softer 
sandstone in between has been to produce a surface which is 

B 2 
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honeycombed by ramifjdng passages or pits. This bed forms the 
top of scarps and, as it occurs rather high up in the series, it is 
generally one of the first beds to be recognized when the 
boundary between the Lower Siwaliks and the Nfiris is crossed. An 
exceedingly characteristic form of concretion consists of numerous 
quartz fragments, up to the size of a pea, either well rounded or 
somewhat angular, cemented with and entirely coated by dark red 
iron oxide, and aggregated into spherical masses of all sizes up 

to that of a man’s head. These beds 
j ■ w *^ 1 * If on the whole are readily distinguished 

from the Lower Siwaliks. , t a- n u xu u 
from the Lower Siwaliks by the much 

coarser nature of the sandstones, the abundance of small quartz 
pebbles, and the frequency of ferruginous bands, as also by 
the absence of the calcareous pseudo-conglomeratic sandstone and 
the “ pepper and salt ” sandstones so characteristic of the 
Lower Siwaliks. It may be noted that some 100 feet above 
the base of the Nari series in the Bugti area a massive sand¬ 
stone is found with conglomerate beds that bear some resemblance 
to the Lower Siwalik basal concretionary bone conglomerates. 
They contain however more ferruginous matter and occasionally 
contain oysters but no bones. 

The pebbles contained in this bed and elsewhere in some of 
„ ,,, , , . , the Nari conglomerates are none of 

e es, u lence (envoi, them of limestone, but are either of 

sandstone or quartzite, and can often be recognized as having 
been derived from the sandstones of the Cretaceous. 

At an horizon, W'hich is not quite constant, but occurs 

rmliAvatcr Shfll beds. 500 to 700 feet above the base 
of the Nan. is a zone of freshwater 

shell beds. These shell beds seem to mark the former sites of 
ponds or swwnps. Ripple markings have been noticed on some 
of the sandstones near these shell beds at Gandoi, Abband and 
Singsila. Paludina hvgiica Blanf. is the chief fossil, almost 
entirely making up the substance of a band of limestone some 
6 inches thick. At Kumbhi and Iliasi the shells occur in more 
scattered fashion either in the coarse sandstones or in conglomerates. 
Melania occurs in the former, Vnio in the latter. 

Silicified tree trunks of exogenous wood occur in great abundance 
in the yellow sandstones at a horizon 
some 300 feet above the base of the series^ Fossil wood. 
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Fossil bones and teeth are met with at various horisons, from 

_ ^ ^ , the base of the series up to within 
Tertekrate rcmalas. J’ 

of the Zen range south of Dera Bugti and the Sihaf valley, 
particularly near Gandoi and Kumbhi which are situated on the 
same meridian on exactly opposite sides of the range. They are 

also found, but less abundantly, at one or two places further 
eastward, Khajuri, Pakti, Abband in the Shori nala. They have 
not been discovered north of Gandahari hill, in the outcrop 
which runs to Dera Ghazi Khan, nor in any place north of the 
Sihaf or Dera Bugti valley. Unfortunately, though well pre¬ 

served, they are for the most part isolated fragments of 
small size. 

It is probable that at the base of the se.ries there every¬ 
where exists a marine band representa- 

Marine stage at base, 

Lower Nari, that is to say, the highest horizon of the stampian. 
It is recognized by the occurrence of Nummulites intermedius 
and Pectm sp. These fossils occur sometimes in one or more 
bands of brown limestone some 3—6 feet thick producing quite 
a feature on the landscape, but in other places nummulites 

and Pecten are in a loose sandstone, while in other places again 

the nummulites are absent and Peden sp. alone is found; 
and, lastly, the same peculiar greenish-brown sandstone rests on 

the Khirthars, perhaps only one or two inches thick and con¬ 
taining either no fossils, or only poorly preserved Pertens found 

after a prolonged search. 

In Dakko nala some 5 feet, thinning away to a few inches, 
. . of yellowish to greenish sand or sandy 

SCCCtOIlf i« -1 • A_\^ TT 
shale lies directly on the Upper 

Khirthar limestone. This passes into brown N&vi limestone. 
Above this are characteristic reddish-brown shales with an inter¬ 
calated bed of brown sand, all containing abundant g3q)sum 
and ferruginous matter. Above this again is a 2-foot band of 
hard N^ri limestone with numerous nummulites. Lying on this 

is a ferruginous sand and a very hard sandstone simulating a 
quartzite in places. This last is very characteristic of this zone 

in the Bugti hills. All these beds dip perfectly conformably 

to the Khirthars. 
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In Kisliarik nala north of Dera Bugti a 4-inch pebble bed 

with well rounded nummulitic limestone 
hl»ll»rik ration, ^ limestone. 

This passes up into a greenish argillaceous sand with numerous 
iVummulites intermcdius. 

At Kumbhi Nummulites mtermedius occurs in a pebbly sand- 

liuillbhi SfCtiOll. ® 
limestone contains nummulites and 

Pecten sp. along with numbers of Echinolampas radakensis Dune, 
and Slad. n. var., which passes imperceptibly above and below 
into a yellow sandstone. 

Between Khajuri and Shori nalas I have traced continuously, 

liliajiiri section, Khirthar boundary, a soft 
yellowish- brown sandstone with black 

specks, varying from 2 inches to a foot thick, containing in 

one place N, intermediits, Pecten sp. and Pecten sabsiriatus D*Orb. 
and several sharks’ teeth, and below them a gypsiferous layer 

lloiics ill the inaiiiiebaiul. with vertebrate bones. Along most of 
the outcrop, however, Pecten alone is 

found associated with three species of Osirea^ one of which my 
colleague, Mr. E, W, Vredenburg, has identified with the Ndri 
form of Ostrea cletjans L. This band passes up into red clays 
and sands with ferruginous bands laterally passing into white 

I -1 with lenticular ferruginous masses. 
0}stm associated with t, ^ ^ u i ^ i 

the vertchi'iUe I'iiiiiia, Here are found abundance of Keptihan 
and Cheloriian remains, Proboscidean 

and Rhinoceros bones and teeth, Brachgodus sp. and Anthraco- 

therium hugtiense accompanied by the same species of oyster* 
Locally a ferruginous conglomerate replaces the basal brown sand. 
Other places where the same association of oysters and vertebrate 
remains occurs are Pishi nala, S. E. of Dera Bugti and above 
Gujru nala near Pakti. Basal beds of a similar lithological 
character have been foimd almost everywhere directly lying on 
the Khirthai's, though both marine and estuarine fossils appear 
to be frequently absent. It is, therefore, evident that a marine 
stage occurring at the end of the stampian was gradually succeed¬ 
ed by estuarine and finally by freshwater conditions as the land rose. 

The series is overlain by characteristic red and grey clays of 

. the Lower Siwaliks, with which are soft 
Ippcr l^an overlain by ui j + i, ■ 

Lower Siwalilis ^ crumbly sandstones having numerous 
interbedded conglomerates of a concre- 
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tionary nature abounding in pellets of limestone and red clay. 
These beds invariably occur at the base of the Lower Siwaliks 

in Baluchistan and Sind and are always ossiferous, though the 
fossils are generally very badly preserved. 

The distribution of this series may now be noticed Well 

developed both north and south of 
the Sihaf plain, it attains almost its 

maximum thickness at Gandoi and 
Kumbhi. 

It dies away going westward on both sides of the Zen range 

and some 22 miles west of Kumbhi and Gandoi the charac¬ 

teristic red clays and concretionary standstones of the Lower 
Siwalik rest directly on the Khirthars. An outlying patch of 

both the marine as well as the fresh- 

bv^Lower Bibinani near 
by Lower biwaliKs. Quetta. To the eastward of Dera 

Bugti it thins out. North of the Sihaf plain the series dies 
out a few miles west of Singsila. Both north and south of the 
Kahdn plain the Upper Nari beds are exposed, though on the 

southern side they are mostly concealed by the Upper Siwaliks. 

They die out near the town of Kahan. From Gandoi the series 
extends to the eastward, bending ropnd to the north and 

throwing out a few outlying patches connecting it with a large 
outlier between Gandahari hill and the Sham plateau, where 
the series perhaps attains its maximum thickness of 1,000 feet. 

The main outcrop continues uninterruptedly to some distance 

north of the latitude of Dera Ghazi Khan where Blanford had 

observed these beds and mapped them as Upper N^ri, but had 
failed to recognize their identity with the ossiferous beds of 
Dera Bugti, Still further north, LaTouche, examining the Sherani 

hills near Dera Ismail Khan, found no trace of tlicsc Ndri 
sandstones between the Lower Siwaliks and the Khirthars. 

Mr. G. H. Tipper, however, during a hurried visit to the same 
area, recognized a representative of the marine brown limestone 

resting on the Khirthars. 

It is an important fact that in the large area mentioned 
above between Gandahari hill and the 

18 very thick, there la no trace ot 

Lower Siwalik in contact with them, although there is good 
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evidence at Gujru and elsewhere of the unconformable 
deposition on them of the Upper Siwalik boulder bed. It is 
evident, therefore, that during the Lower Siwalik period, at 

all events, and probably for some time previous, deposition 

stopped over this area. No marine deposits are found, and the 
country may have existed as high ground, a theory which is 
supported by the fact that the beds are certainly much more 

greatly disturbed than I have noticed to be the case elsewhere. 

It is clear, therefore, merely from the local stratigraphical 

ratigmpliicftl uiicoii* evidence as stated above that there 
forinity between Upper is an unconformity between this series 
Mri and Lower Siwaliks. and the Lower Siwaliks. 

South of Dera Bugti at the top of the series, above the 
coarse sandstones and immediately below the Lower Siwalik 

clays, occurs a sandy limestone or sandstone often variegated 
with ferruginous bandings. This bed would have suggested no¬ 
thing to me if I had not seen the country near Sehwan in 

Lower Sind, which I shall now briefly refer to. 

Near Rhagothoro, some 16 miles south of Sehwan, occurs a 

series of beds mapped as Upper N&ri 
Section at Rhagothoio by Blanford, and undoubtedly exhibit- 

mg only a slightly different facies 
of the typical Nari sandstone of Sind. These beds correspond 
lithologically almost exactly with the Ndri series, which I have 

just been describing in Baluchistan, though no trace of a 
vertebrate fossil has been found in them, any more than in 

the Nari sandstones throughout Sind, But one harder band 
of calcareous grit near the top contains marine fossils of a Gaj 
type and above tliis occurs the sandy variegated limestone 
which I have mentioned above, only here containing Placenta sp, 
and the typical Gaj fossils Ostrea angulata, Sow., and 0. lati~ 

marginata, Vred. A few other oyster beds lie above this, 
and immediately above them are the typical Lower Siwaliks, 
with clays and concretionary bone conglomerates. 

In the Bugti country no marine fossils are known with cer¬ 

tainty to occur here, buir Blanford 
mentions estuarine species at about 
this horizon, and at Iliasi I myself 
found a cast of a shell which is 

(^uite different from Paludina hugtica, Blauf., and may be a 

Possibility of a iiiariiie 
at the top of the 

N^vi ill the Bii$tti hills. 
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beds* 

Natica, This bed overlaps all the others beneath it, and is 
itself overlapped by the Lower Siwalik. It seems, therefore, 
very probable that here, as has been shown to be the case 
in Sind, the freshwater conditions of the Upper N^i^i were 
followed by a marine transgression. In most of Sind the con¬ 
spicuous Glaj stage follows, accounting for a thickness of some 

1,500 feet. This is scarcely represented either at Bhagothoro 
or in the Bugti hills, and may have been deposited in neither 
area. 

This section at Bhagothoro also makes it certain that the 

. - , series we have just been considering 
Age of the lliigti bone . « 4. xu • ” in Baluchistan represents m the mam 

the Upper N^ri of Sind, and stops 
short at least at the beginning of the Gaj, so that we may 
safely speak of it as aquitanian. 

The Upper Nfiri series of Sind reaches a thickness of 4,000 

^ , , to 5,000 feet. Many of its beds are 
The Upper Nfiri series „„„• ^ ^ x. j 

of Sind * ^ vanegated sands, coarse gntty sand¬ 
stones with ferruginous bands and 

conglomerates very similar to the beds in the Bugt^ hills, but 

the mass of it consists of a grey rather soft sandstone with 
brown pale ferruginous markings. Beds of this character occur 
in the Bugti hills at the base of the series, but it is in the 

greater thickness of these sandstones that the typical Sind area 

differs from Bhagothoro and Baluchistan. A gradual passage 
is traced from the Lower Nfiri (stampian) brown limestones into 
the freshwater sands, beds containing Nummulites intermedius 

being found 500 feet above the base of the sandstones. 
The series passes upward gradually into the marine Gaj. 

These beds in Sind have proved entirely destitute of verte¬ 
brate remains, the only fossils noticed being obscure plant 

impressions. 
The following is a list of the species which comprise the 

fauna of the Upper Ndri freshwater 
f auna of the Upper Niri series. As has been stated, the aeries 

in Sind is unfossiliferous ; therefore the 

occurrence of these fossils is at present confined to Baluchistan. 

The invertebrates have already been described by Blanford ^ 
mth the exception of one new species of Unio. It has been 

1 JIci;*., Qeol. Surv. Ind., XX, p. 12l>, 1883. 
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thought better to delay the publication of full descriptiona of 

the vertebrates, as the RhinocerotidoB have not been fully ex¬ 
amined and drawings of all of them have yet to be executed. 

These will, therefore, appear later. In this paper I shall only 

indicate briefly the affinities to and distinctions from the nearest 
known species. 

Mollusca. 

Melania yseudegiscoyalis Blanf. 
Melania gradata Blanf. 
Paludina bugtica Blanf, 

Unto vicaryi Blanf. 
Vnio cardiiformis Blanf, 

Unio cardiiformis var. Blanf. 

Vnio cardita Blanf. 
Vfiio 'pugiuncul'us Blanf. 
Vnio n. sp. 

Reptilia. 

Crocodilus hugtiensis n. sp, 

Crocodilus ndricus n. sp. 
Garialis curvirostris Lyd. n. var. 

Chelonian remains, various. 

Artiodactyla. 

Anthracothcrium hvgtiense Pilg, 

Anlhracotherium mus n, sp. 

Brachyodus hyopotamoides Lyd, 
Brackyudiis giganteus Lyd. 
Brachyodus hugtiensis Pilg- 

Brachyodus longidentatm n. sp. 

Ancodus ramsayi n. sp. 
Hcmitneryx speciosus n. S[). 
Tehmtodon buytiensis Pilg. 

Gonotehria shahhazi n. gen. ii. sp. 
Chceromeryx grandis n, sp. 

Bugtitherium grandincisivum n. gen, n. sp. 
Palceochcerus afpnis n. sp 

Prodrcmotherium sp. 

Progiraffa exiguus n, gen. n. sp. 
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Ferissodactyla. 
Macrotheriuin ndricum n, sp. 
Aceratherium blanfordi Lyd. 
Rhinoceros sivalensis var, gajensis Lyd, 

Rhinoceros sivalensis var. intermedius Lyd. 
Rhinoceros sp. aff, perimensis. 
Rhinoceros n. subgenus. 
Amynodon sp. 

Proboscidea. 

Dinotherium ndricum n. sp. 

Teirabelodon crepusculi n. sp. 

Carnivora. 
Plerodon hiigtiensis n, sp. 

Pterodo7i sp. 
Amphicyon cf. major Blainv. 

Gephalogale skahbazi n. sp. 
% 

Crocodilus bugtiensis,—This species undoubtedly comes nearest 

to 0. palceindicus amongst described species. The expansion at 

the 9th tooth is even greater than it is in 0.* palceindicus. It 

differs from that species by the extraordinarily nodose sculpture, 

especially in front of the orbits and on the nasals. 
Crocodilus ndricus,—The surface of the cranium of this species 

seems to be quite without the nodose irregularities of C, 
bugtiensis. It approaches C. palustris, but is easily distinguished, 

(l) by the greater width of the interorbital bar, (2) by the 

rapid narrowing of the cranium in front of the orbits, (3) by 

the small size of the supratemporal vacuities. 
Garialis cu'^virostris Lyd. n. var.—Amongst the Bugti collec¬ 

tions are numerous specimens of the cranial rostra, in which the 

maximum diameter of the premaxillaries varies from 75 mm. 

up to 160 mm. The smaller ones seem only to differ from 0, 
curvirostris type by the slightly greater expansion of the pre¬ 

maxillaries and a greater interval between the 2nd and 3rd teetli. 
The amount of the upward curvature varies, as also does the 

relative expansion of the premaxillaries. The larger forms approach 
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G. pachyrhyncus Lyd. although the premaxillaries are never 
expanded to the extent that they are in that species. It is 

probably to be regarded as the ancestor of both G- curvirostris 

type and G, pachyrhyncus. All the specimens show the absence 

of a connection between the nasals and the premaxillaries, which 
character settles the generic position of the species. It is note¬ 

worthy, however, that a fine specimen of a mandible indicates 

that this Garial possessed 18 teeth, 14 of them being in the 
symphysis. This small number of teeth shows an approximation 

to Tonistoma, but there is no enlargement of the 9th tooth, as 
is the case in that genus. 

Anthracotherium huytiense.—Furtlier material belonging to this 

species has been obtained, amongst it being a very large mandible 

showing that this Anthracotherium must have attained an enor¬ 
mous size, exceeding that of other known species. 

Anthracotherium mus.—This species is represented by a mandible. 

It is smaller than A. silistrense and differs in the lesser develop¬ 

ment of the outer cingulum. 

Braohyodus giganteus Lyd. and Brachyodus hyopotamoides Lyd.— 

The fairly extensive material at my disposal has enabled me to 

confirm Lydekker’s creation of two species to receive certain upper 

teeth and mandibles of equal size and showing such resemblances 
as to lead many palaeontologists to call into question the correct¬ 

ness of their separation. I have, however, found myself unable 

to refer either of them to the genus Anthracotherium, both on 
account of the less rounded nature of the columns of the upper 

molars, the less complete separation of the mesostyle, and the 
shorter mandible having the four prcmolars close together and 
a diastema between them and the canine. The following charac¬ 
ters will afford a diagnosis of the two species. 

Brachyodus giganteus runs to a greater size than B. hyopotamoides. 

Cranium high and broad, flat over the nasals. Upper molars much 

broader than long, with a protostyle pronounced, but compressed 
antero-posteriorly. Mandible very deep and massive but short, with 
molars broader in proportion to their length than in B. hyopo^ 
tamoides. Talon of last lower molar with a single cusp. Lower 
canine clongatc-oval in cross section, 

Brachyodus hyopotamoides,—Cranium low and elongated, rounded 

over the. nasals. Upper molars scarcely broader than long. 
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Protostyle not compressed antero-posteriorly. Mandible shallow 

and rather slender with molars relatively longer than in B. 

giganteus. Talon of last lower molar with a double cusp. 

Lower canine circular in cross section. 

Brachyodus bugtiensis,—The mandible figured in Rec., Oeol Surv, 

Ind,, XXXVI, part 1, p. 45, under the name Telmatodon 

hugfAensis^ must now be considered as that of a Brachyodus, 
Rather better mandibles have come to hand, but no upper teeth 

(see also page 152). 
Brachyodus longidentatus is smaller than B. giganteus and B, 

hyopotamndes and also than B, onoidms Gervais. The 5th 
cusp is well indicated and a clearly defined series of wavy striflo 

adorns the whole surface. It is distinguished from all other 

species of Brachyodus by the teeth being much longer than 
broad. A broad cingulum surrounds both upper and lower 

molars. The mandible is short and slight. Tire four premolars 

are close together and there is a diastema behind the canine. 

The lower molars have sharp cusps and are rather more 

hypsodont than is usual in the genus. The talon of the last 

lower molar has a single cusp. 

Ancodus ramsayi,—A mandible having rather hypsodont teeth 

with perfectly smooth enamel, broad transverse valleys, sharp 
V-shaped outer crescents, and prominent posterior cusp to the last 

premolar is referred to this genus. It may be compared with 

A, hovinus Owen though decidedly differing from that species, 

by the relatively narrower teeth, by the much broader cingulum, 

especially anteriorly, and by the complete absence of any sculp¬ 

ture on the enamel. 

Hemimeryx The upper molars of this species ex¬ 

hibit resemblances to Hemimeryx blanfordi Lyd. from the Lower 

Siwaliks of Sind and to a small tooth from Kushalghar, in the 

Punjab, described by Lydekker under the name Merycopotamus 
pusillus. 

In all three species the transverse valley is more or less open, 

there is no trace of a 5th tubercle and a prominent cingulum 

exists on all sides of the teeth. 

It seems likely that they should all be referred to the same 
genus. Neither of them agrees entirely with the type species of 

l^eryco^tan^^is either in the open c^rt^cter of the t^ianqverae 
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valley or in the folding of the protostyle, mesostyle and para- 

style over the outer surface of the protocone and metacone. 

Merycopotamus pusillus approaches it most nearly in the former 

respect and Hemimeryx blanfordi in the latter. This species 

differs from Merycopomatus in both particulars. 

The mandible is slender and has a very pronounced groove on 

its under side beginning under the last molar and extending back 

to the angle. There is aj deep descending flange as in Meryco¬ 

potamus dissmilis. The talon of the last lower molar has a 
single cusp. A prominent cingulum is present and the surface of 

the teeth is decorated with wavy striae. The present species is 

slightly larger than Merycopotamus pusillus and much smaller 

than Hemimeryx blanfordi. 

Telmatodon bugtiensis.—Further material has convinced me 

that the mandible referred provisionally to this species in Rec.y 
Geol. Surv. Ind., XXXVI, part 1, p. 54, is not only too small 

to be associated with the upper molars of T. bugtiensis^ but 

differs from them in the nature of the sculpture on the enamel 
(see also page 151). It may be remarked that the weathering of 

these specimens may give one a totally false impression as to 

the character of the sculpture, if the number of specimens is 

small. 

In my collection are several mandibles which are rather 
bunodont, very slender and elongated, with long premolars in a 

continuous series and canines circular in cross section with 

a diastema behind them. These show a sculpturing of the enamel 

which exactly agrees with tliat on unweathered upper molars of 

Telmatodon hugtiensis. They also correspond in size to the upper 

molars and may reasonably be placed here. The mandible erro¬ 

neously referred to Telmatodon is now considered to be a species 

of Brachjodus—cf. p. 151. 

Gonotelma shaJihazi.—The upper molar on which this new 

genus is founded exhibits cliaracters which approximate to those 

of Telmatodon. It is very much smaller, being 22 mm. in length and 

23 in breadth. Whereas the 5th tubercle in Telmatodon is hardly 
at all indicated, in the present tooth it is very distinct though 

small. The outward slope of the inner surface of the inner 

columns is less than in Telmatodon. The cingulum is more pro¬ 
minent and passes round to the inside of the tooth. Two or 
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three tubercles are present at the entrance to the transverse 
valley. 

A mandible almost certainly belongs to this species, 

Chmromzryx srraniis.—This species is larger than 0. sindiense 
Lyd., but is otherwise very near to it. The median external 

loop is more prominent and the external cingulum better marked 
in the Bugti species. 

A very distinct resemblance is also noticeable to some specimens 

of Hyohoops palceindicus, 

Bugiitherium grandincisivum,—The present genus is founded 

upon two fragments of the skull, one of which was referred to 
in Rec.^ Geol. Surv. Ind., XXXVI, part 1, p. 45. They are 

both identical and embrace portions of the maxillaries and pre. 

maxillaries. They are figured in Plates 2 and 3. On both of them the 
crowns of the teeth are absent. I have however found several 

isolated teeth, incisiform in shape, with large roots, which may 

be referred with reasonable probability to this species. The 

larger fragment is 329 mm. long and extends back to the 

alveolus of the 3rd premolar. The face must have beep extra¬ 

ordinarily elongated, mainly due to the large size of the incisors, 

because the diastema between the canine and the 1st incisor is 

not great, and behind the canine the teeth succeed each other 
in continuous order. The suture between the maxillary and pre¬ 

maxillary is well shown and enables us to differentiate the teeth. 

The 1st incisors are enormous. Their alveoli measure 38 mm. 

in diameter, but they were not excessively deep-rooted considering 
their size. The alveoli of the 2nd incisors measure 45 mm. in 

diameter. Their roots were long and curved and extended back 

almost as far as the canine, I have isolated teeth of which 

the diameter of the root is 55 mm. The 3rd incisor is small. 

The diameter of its alveolus is about 25 mm. The canine was 
either double-rooted or the root was so excessively constricted as 

practically to be termed so. The long diameter of its alveolus 

is 43 mm. and the short diameter 24 mm. 

The 2nd and 3rd incisors and the canine are almost in one 

line, the diameter of this portion of the skull being very 

slightly greater opposite the 2nd incisor. Its breadth at the 2nd 
incisor is 152 mm. Behind the canine the palate contracts, and 
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the remaining teeth lie almost entirely within the inner edge of 

the canine. The following are the dimensions of their alveoli :— 

Length. Breadth. 

1st premolar • . . .49 mm. 24 mm. 

2nd do. .... 46 „ 24 „ 

The tip of the snout has a strong protuberance above and 
between the front incisors. The distance between the tip of the 

snout and the anterior palatine foramen is about 100 mm. The 

premaxillary crest ascends only very slightly and there was 
evidently a free surface for some distance posteriorly, so that 

the nasals did not articulate with the premaxillaries and perhaps 

only slightly with the maxillaries. Bemains of the palatine 
process are visible from below, dividing the anterior palatine 

foramen into two parts. The palate narrows as far as the .‘3rd 

premolar; behind this it probably expands again. From the 
anterior palatine foramen two ridges run backward on either 

side of the palate. On the outer side of each ridge is a deep 

groove which terminates opposite the 2nd premolar in a clearly 

defined foramen. Opposite the 3rd premolar is another smaller 
foramen. Of fairly frequent occurrence are examples of a large 

incisiform tooth, of a size corresponding exactly to the alveolus 

of the 2nd incisor tooth in the skull described above. It is 

somewhat anthracotheroid in general character, but as the largest 
species of Anihracotherium does not possess incisor teeth at all 

approaching these in size, and as nothing else has been found 

in the Bugti hills with which these teeth could be associated, 

it is almost certain that they are to be referred to the same 

species as the skulls of Bugtiiherium, The tooth is longer than 
broad, sub-conical, and broadly speaking trigonal in shape, though 

the external angle is well-rounded. It points forward and out¬ 

ward so that the posterior edge is as much as 40° inclined to 

the vertical. On the inner side it is girdled at the base of the 

crown by a strong crenulated cingulum, which does not extend 
to the external side, but culminates posteriorly in a prominent 

tubercle and anteriorly in another tubercle situated on an 
almost flat and horizontal area which bulges out from the antero- 

intemal corner of the tooth. Two well-marked ridges run in 
front and behind the tooth from the apex to the base. The 
plane of these ridges does not divide the tooth into two aym- 

metrical portions. The external portion is much the larger and ift 
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strongly convex. The internal portion is much the smaller and 
is only very slightly convex. The posterior ridge terminates in a 

prominent tubercle a short distance below and on the inner side 

of the posterior cingular tubercle, while the anterior ridge dies 
away on the protuberant antero-internal area mentioned above. 

There are some broad somewhat obscure puckers in the ena¬ 
mel, running down vertically from base to apex—about 6 or 7 

on the outside and 2 or .‘5 on the inside of the tooth. Beyond 
these the enamel is perfectly smooth and unsculptured and is 
only scored by the numerous concentric lines which are to be 
observed on many teeth and are specially noticeable in the case 

of the Rhinocerotid familv. 
The following are the dimensions of the specimen figured in 

Plate 3, fig. 1 :— 

99 

99 

Height ........ 67 mm. 
Maximum diameter . . . . ... 68 
Minimum do. ...... 42 

The foregoing description and the plates will I hope enable the 

characters of these specimens to be understood. They clearly 
represent something new, but beyond stating that their affinities 

are distinctly suinc and possibly anthracotheroid, as evidenced by 
the peculiar incisors and the conformation of the palate, it would 
be premature on such slender material to do more than name 
them with the hope that at some future time sufficient material 
will be found to enable us to classify the genus more exactly, 

PalcBocliGorus affinis.—A maxilla with m^ and p’^ is all of this 

species that I possess. It seems very near to ffffofhen'nm peri- 

VIfuse I.yd, corresponding precisely in si?;e and shape witli that 
species. The Bugti species a})parently diffei*s in the greater develop¬ 
ment of the accessory tubercles and the cingulum. 

Prodremotherimri sp.—A mandible containing the last two 

molars appears to resemble notliing else so much as Prodrcmo^> 
therium. 

Profjiraffa exujuus,—A mandible containing the last two molars 
seems to find no place in any existing genus. The dimensions of 
m are as follows :— 

3 

length 28 mm., breadth 13 mm. 
It is not Palseomerycine, because (I) there is no Palaeomeryx- 

fold on the posterior side of the anterior crescents; (2) the 
costce on the two internal crescents are very slight compared with 

PalcBomeryx, especially the })c)stcrior one which is rounded, more 
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like the pigs; (3) they are narrower teeth than those of 

PalcBomeryx, On account of its brachyodont nature it cannot be 
compared with Schlosser’s genus Cervavus, 

Si'It bears great resemblance to the girafEe; there are small 

tubercles in the median valleys, and there is a cingulum on the 

front base of both molars. The talon shows very distinctly a 

division into two lobes, the outer crescent having a distinct costa 

on its internal side, while the external crescent is represented by 
a small tubercle. Between the two is a cavity. The front horn 
of the crescent is however much less bent than in Oiraffa. It 

meets the crescent just in front of it half way between the 

edge of the V and the end of the lobe. The breadth of the 

teeth is also less. The rugose character of the sculpture is almost 

exactly like that of Giraffa. 
Macrotherium ndricum.—Remains of this species are numerous. 

It differs like M. grande and probably Chalicotherium sivalense 
from Chalicotherium goldfussi and antiquum by having no re-entrant 

fold of enamel on the antero-extemal angle of the upper molars. 

In Chalicotherium sivalense the posterior ridge connecting the 
metacone and hypocone is only very faintly shown. In the 

Bugti species as in M. grande it is pronounced. In neither M, 
ndricum. nor M, grande does the antero-external angle overlap the 

tooth next in front. This overlapping is very noticeable in C, 

sivalense and the other species. 

The Bugti species differs from M. grande by its more elongated 
upper teeth, by the approximate equality in size of m^ and m® 

and by the much slighter indication of a median denticulc. In 

M. gra'tide m^ is much smaller than m® and the median dcnticule 

is easily traced. It is however undoubtedly closely allied to the 

Bugti species. 

The Rhinocerotidee have not been fully examined, but an 

interesting feature in them is the indication of the existence of 
ancient tyj)es in those beds. One upper molar has the posterior 

loph incomplete, the hypocone being quite distinct and only 

8e]>arated by a low ridge from the metaconc. This is a feature 
which I have never seen in any Rhinocerotid molar, and which 
entitles it at all events to sub-generic distinction. 

Dtnoiherium ndricum.—Of this species we possess the last lower 

true molar, the 3rd lower milk molar, the 2nd upper milk mol^r 

^nd the 2nd upper true n^olar, 
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It differs very markedly from the other known species. In 
size it corresponds nearly with Dinotherium indicum var. penta^ 
potamicB Falo. The last lower molar differs both from D, itidtctm 
and D. giganteum by the fact of the ridges not being parallel to 
one another, but diverging from without inwards, AI50 the outer 
portion of the valley falls very abruptly from the longitudinal 
ridge and there is a well-marked crenulated cingulum at the inner 
entrance of the transverse valley. The 2nd upper milk molar 
possesses a prominent tubercle at the outer entrance of the trans¬ 
verse valley and a smaller one at the inner entrance. The only 
specimen of D. sindiense Lyd, is so battered as to render any 
comparison with the teeth impossible. The species was founded 
solely on the shape of the mandible. Consequently, beyond the 
fact that the present specimens indicate a larger species, nothing 
further can be said. 

Tetrabelodon crepusculi.—The mastodon teeth contained in my 
collection are those of a trilophodont species, undoubtedly nearer 
to Mastodon falconeri Lyd, than to anything else. It differs 
unmistakeably from that species in the far more open nature 
of the valleys, which are 'not blocked by accessory 'columns, 
by the simpler talon and by the more prominent cingulum on 
all sides of the teeth. To this species is referred a maxilla 
with a small slightly worn tooth 58 mm, long preceded by a 
much worn tooth 34 mm, long and by an empty alveolus. 
I see no sign of premolars to succeed them, but all the same 
it is not unlikely that they are milk teeth, which from their 
size and general character they might well be. 

Pterodon hugtiensis.—This species is founded on a mandible 
containing the last two molars and showing the alveoli of the 
last premolar and the first molar. 

The length of is 54 mm. and that of 42 mm. It 

will thus be seen that it is immensely bigger than any hitherto 
known species of Pterodon. The teeth however so nearly re¬ 
semble in structure those of P. dasyuroidcs Blainv. an4l P, 

africanus Andrews, that its generic position seems hardly doubtful. 

Apart from its size—twice that of P. africanus Andr.—it 

differs from other species by the larger size of m^ relative to 

m^, by the greater breadth of the teeth and the more pro¬ 
nounced cingulum. 
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Pterodon sp.—A maxilla with and m* and a last lower 

premolar find a place here. They belonged to a much smaller 
animal than P. bugtiensis, the length of being 34 mm. 

They are only slightly inferior in size to the corresponding 
teeth of P, dfricanus, but in form m^ seems rather to approach 

P, biincisivus Filhd. The occurrence of the genus Pterodon in 
these beds is interesting as it has not hitherto been recorded 
in beds newer than upper Eocene (bartonian) from France, 
Switzerland, the Hampshire basin and Northern Africa. 

Amphicyon cf. major Blainv.—The tubercular upper tooth, which 
represents the species, shows me no characters by which I can 
distinguish it from the figures of specimens from Sansan figured 
by Blainville.^ 

Cepliahgale shahbazi,—The characters of the whole mandible are 
shown by the specimens in my hands. 

It was a species of immense size and having a very massive 

jaw. The length of p^ is 21*5 mm. and that of 30 mm., while 
tl\e depth of jaw below the first molar is 65 mm. 

It presents affinities to a number of species which have been 
referred by Schlosser either to the genera Cephalogak or Pachycy- 
nodon. Certain of these are considered by Schlosser as passage 
links between the two genera and the Bugti species seems to 

stand in such a position. In the depth of jaw it approaches 

Pachycynodon, In the slightly developed posterior tubercle of p^ 
it is nearer Cepimlogale geoffroyi and minor. In Pachycynodon the 
inner cusp of the carnassial is distinctly separated from the prin¬ 
cipal one, ill whicli respect the Bugti species differs and is nearer 
to Cephalogale geoffroyi and robusta. 

On comparing this fauna with that of the Lower Siwaliks, of 

which a list is given on pp. 161-162, one 
Palipontological evidence ^ single absolute identity. 

as to the aye of the m ^ • nx* • 7 • 
Upper Nari, species, ttninoceros sivalensis 

and Garialis ciirvirostris, which are 
common to them, possess varietal differences in the two forma¬ 
tions, and one of them is a reptile, and therefore of less value 

for determining the horizon. On the other hand the Anthraco- 
theroiJs, which constitute such a marked feature of the Nari 
fauna, have almost entirely vanished from the scene by Lower 
Siwalik times. Thus the paheontological no less than the strati- 

plain ville, Ost. Suburaiis, PI. XIV. 
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graphical evidence points to a great time-break between the two 
series. 

Although Amphicyon major, which seems to be identical with, 
and Macrotherium grande, which comes near to, Bugti species, occur 
in late burdigalian, their evidence is largely discounted by the 

presence of Anthracotherium bugtiense, which is closely allied to the 
large species from the stampian of Europe, and of ancient genera 

hke Pterodon and Ancodtis. Brachyodus, which seems, after the 
RhinocerotidcB, to dominate the formation, is a typically upper 
aquitanian genus. 

On the whole, therefore, wc can say that the vertebrates do not 
contradict other evidence in assigning this freshwater formation to 
the aquitanian. 

THE LOWER SIWALIKS. 

The Lower Siwaliks of the Bugti Hills. 

Tlie Lower Siwalik series in the Bugti hills is generally from 
1,000 to 1,500 feet in thickness. It is sometimes difficult to 

draw the line between it and the Upper Siwaliks, aS the one 

series often succeeds the other without any unconformity of dip. 

The most convenient distinction to draw, however, and one which 

probably has a deeper significance apart from the mere litholo¬ 

gical fact, is that, in the Lower Siwalik sandstones and conglo¬ 

merates, nummulitic limestone pebbles are almost invariably 
absent, contrary to w^hat is the case in the upper series. It is 

to be inferred from this that much of the nummulitic limestone 
was covered by other deposits during the Jjower Siwalik period. 
Subsequently disturbance of the land area took place and exten¬ 

sive erosion followed, laying bare the limestone hills to contribute 

to the Upper Siwalik boulder deposits. 

The base of the series everywhere seems to be characterized 
^ by red or grey clays intercalated with 

bedded sandstones amongst which occur 

bone conglomerates. These conglomerates arc amongst the most 

characteristic beds in the series. They seem to be largely 
concretionary and contain pellets of red clay and calcareous 
matter with occasionally small ferruginous nodules in a sandy 

matrix. Actual pebbles, which are not frequent, are invariably 
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of sandstone. They occur very frequently and from their superior 

hardness give rise to a series of scarps. These jconcretionary 

conglomerates continue to occur as lenticular beds in the next 

higher member of the series,—a massive sandstone, in which 

calcareous segregation has taken place to such an extent as to 
make Dr. W. T, Blanford’s name for it of “ pseudo-conglomerate ” 

a very appropriate one. These calcareous concretions are some¬ 
times several feet in diameter and are often of a red colour, 

thus showing up distinctly in the midst of the lighter coloured 
matrix. In some places the calcareous matter is so abundant 

that the rock may fitly be called a limestone. This “pseudo- 
conglomeratic sandstone ” wcathcis, as might naturally be expected, 

in a characteristic columnar and nodular fashion. 

In some cases, as Dr. Blanford observes, there seems to have 
been coiitemi^oraneous erosion of the red clays, which have been 

rolled and re-deposited in a sandstone matrix of a different 

colour. 

Above these occur a greater or less thickness of characteristic 

fine-textured grey sandstones containing numerous black grains of 
hornblende, with never a trace of a pebble. The Lower Siwalik 

sandstones may readily be distinguished from those of the Nari 

series by tlieir much finer character, their freedom from quartz 

pebbles, and by the absence of ferruginous matter. 
In the Marri country between Kalian and Sibi, the Lower 

Siwalik beds are characterized throughout 
DistlihUtioil of the ^ colour, ])seudo-conglomerates 

Lower Siwaliks. ^ ,, , , ' ^ ® . 
as well as sandstones and clays. As a 

general rule, wherever the Nitri series is exposed, the Lower 
Siwaliks are fotmd overlying them with a perfectly conformable 

dip; in the absence of the Nfiris the Lower Siwaliks rest on 

the Khirthars. 

An exception to this has been noted above in the case of 
the Gujru outlier. Further north at Pishini a very thin repre¬ 

sentative, 100 feet at most, of the Lower Siwaliks occurs between 
the Upper Siw^aliks and the N^ris; its character could not be 

well ascertained through the outcrop being obscured by sub- 

recent deposits. The series doubtless extends further north into 

the Bannu and Kohat districts, where it is probably represented 
by some j>ortiou of the great freshwater formation there mapped 

by Wynne and others. 
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It also appears to be found in other parts of Baluchis^n, 

C11 .1 Here, besides attaining an immensely 
JMiddle Siwaliks. greater thickness, it probably includes 

higher beds deposited between the Lower and Upper Siwaliks, 
which may be known as Middle Siwaliks. Near Quetta, according 

to Mr. Vredenburg, the thickness of the whole Siwalik series cannot 

be far short of 10,000 feet, of which only the smaller portion 
must be Upper Siwalik. 

Fossil vertebrate remains, chiefly of Crocediles, Chelonians, 

Proboscidians and Rhinocerotids, occur in the basal concretionary 

conglomerates, but they are always fragmentary and isolated. 
I have recognised in the Bugti hilis Tetrabelodon angnstidens 

var, palcBtndicus Lyd., T, falconeri Lyd,, T. pandionts F. and 

Dinotherium indicum var. pentapotamm F. 

Lower Siwaliks of Sind. 
The character of the scries in Lower Sind is almost identical 

with that of the Bugti hills. The bone beds at the base are 
rather more true conglomerates. West of Sehwan they cannot be 

much more than 1,500 feet thick and thin out still mfire to the 

southward, but in Northern Sind they are much thicker than in 
the Bugti hills, and here also “ Mid^e Siwaliks ” are doubtless 

represented. 
The following is a list of the species known with certainty 

to occur in the Lower Siwaliks of 
Vertebrate fauna of tke galuchist^Lu and Sind. No mollusca 

wer iwa l have been identified with certainty 

from these beds. Near Quetta at tho base of the series Mi. 

Vredenburg found a Melania^ certainly different from the two 

sjpecies of Melania from the Upper Nari described by Blanford 
but in too poor a state of preservation to pernnt of identification. 

I have examined the specimens in the Indian Museum, and 

removed, as far as possible, the doubtful species from the 

previous lists, at the same time revising names and making 

additions in the light of our subsequent knowledge. 

Reptilia. 

Crocodilus palceindicus" F. 

Garialis pachyrhyncus Lyd 

Garialis curvirostris Lyd. 
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Artiodactyla, 
Anihracotherium silislrense Pentland. 

Ilemimeryx blanfordi Lyd. 

Agriocharus sp. 
ChoiTomeryx sindiense I-yd. 

Ilyohoops palcBindioum Lyd. 

Palwochirus sindiensis Lyd. 

Listriodon sp. 
Sus hysudricus F. & C. var. 

Dorcathvria'in niajas Lyd. 

Dorcatherium minus Lvd. 
Progiraffa sp. 

Perissodactyla. 
Chalicotherium smd tense Lyd. 
Rhinoceros sivalensis F. & C, var. 

Aceratheriam perimense F. & C. 

ProLoscidea. 
Dinotheriiim indieum F. type sp. 

lyniothcrinm indieum var. pentapolnmico. 
Dinotherium sindiense Lyd. 

% 

Tefrabelodon angiistidens Cuv. var. palmindicus I^yd. 
Tetrahelodon pandionis F. 

Tefrabelodon falcotieri Lyd. 

Mastodon perimensis C. & (J. 
Mastodon latidens Clift. 

Carnivora. 
Awphitgtm sp. (palceindicus 

Ilyoboops palwindicus.—This species was originally described by 

Lydekker ^ nuder the name Hyopotamus palceindicus. He remarked 

tliat it was an aberrant form of the genus, and as Madame 
Marie Favlow has shice pointed out ^ the species does not show 
the typical generic characters of either Brachjodus or Ancodus* 
I’he 5th cusp is feebly represented, the protocone is very much 

weakened, and the tooth in general is much less bunodont. 

M. Trouessart ® has suggested for it the name Hyoboops which 

1 Pal. Infl.f Sor. X» II, 
2 BulL iVof. Iwp. Nat. Moscow, XIV, p. 287 (1900). 
^ Caialogus Mamnyiliuin Suppl., 1904, p. C61. 
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I shall adopt. At the same time I consider it very doubtful if 
the genus can be maintained distinct from Chceromeryx, 

PaloBOchoBTUS sindienm,—Following Stehlin, I have altered the 
generic designation of this species from Hyotherium, 

Listriodon sp.—Stehlin ^ has pointed out that the preniolars 

figured by Lydekker in Pah Ind, under the name Hyotherium 
sindiense are really those of Listriodon, which arx examination 
of the specimen leads me to confirm. It should bo added 
that in Bee., Geoh Surv, Ind.^ IX, p. 94, Lydekker mentions 
the occurrence of Listriodon in Sind. 

Sus hysudricus var.—The Sind specimens are much smaller 

than the type. 
Progiraffa sp.—Lydekker^ mentions a poorly preserved lower 

molar from Sind and refers it provisionally to the genus Palceo- 
meryx. It has no PaleBomeryx fold however and the resem¬ 
blance to the corresponding tooth of the Bugti genus is so great 
that I must place it in the same genua. 

Under the name Chalicotherium sindiense I include the 
ungual phalange described by Lydekker ^ first under the name 
Manis sindiensis and then under that of Macrotherhim sindiense 
and some lower molai’S, probably the ones referred to by 
Lydekker in Rec,, Geoh Surv, Ind., IX, p. 91. 

Lydekker in 187(> remarked on the older facies of the Sind 
fauna as compared with that of the Punjab and the Dun area 

{Rec,, Geoh Surv. Ind., IX, p. 94), and looking at it in the light 
of our additional knowledge I sec more reason than ever to 
asree with the statement. 

o 

Having separated off the Ntiri vertebrate fauna of tlic Bugtis, 
the L. Siwalik fauna of Sind and Balu- 

Ajp^ of the Lowei Siwalik chist^in is the oldest of what remains, 
vertebrate fauna of , n ^ 
BaluchistJin aud Sind. exception of a small fauna 

obtained from Kushalghar on the 
Indus which may possibly be slightly older. It is hoped that a 
prospective tour in that area will enable the writer to settle that 
and other points relating to the ossiferous beds of the Punjab, 

In the first place the three Crocodilian species arc confined to 
the Sind fauna, while Garialis gangcticus, Crocodilus palustris and 

1 Ahh. Srhw. Pal. Or-'^vlls., )>(. 1. 1899. 
2 Pal. Ind., Ser. X, Vol. I, xviL 
3 Pal. Ind., Ser. X, I, p. 82, & IV, p. 60. 
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others of the newer species found in the Pimjab and Dun area 

are absent from Sind. Although some of the Sind mammalian 

species also recur in the Punjab, they are invariably the more 

ancient types such as the Dinotheridee, Tetrabelodon^ Lisiriodonf 
Ainghicyon and Anthracothemm silistrense^ Some of the others 
differ varietally from the Punjab forms. On the other hand 

Hipparion and the numerous members of the Giraffe family, so 

characteristic both of the Punjab and of the original Siwalik area, 
are unrepresented. Their place is taken by selenodont pigs, of 
which Mcrycopotamus is the only genus met with in the newer 

Siwaliks, this particular genus not occurring in Sind. The 
recent discoveries in the Ndri beds of the Bugti hills shed 

tresh light on the unique genera Hemim&ryxt ChcBromeryx and 

Hyobqpps and so enable us to deduce important evidence on the 
question at issue. For it is now clear that we must search for 
their afBnities in an older rather than a newer epoch. Hence 

their presence here increases the faunistic gap between the Lower 

Siwaliks of Sind and the fossiliferous Siwaliks of the Punjab. 
A like value attaches to the occurrence of PaloBochcerus and 
Pfogiraffa here as well as in the Ndris. All that has been 

said about the Siwalik fauna of the Punjab and the Duns 
applies equally to the faunas of Pikermi and Samos. One 

cannot help being struck by the older facies of the Sind 
fauna. Since the Pikermi deposits are pontian in age, the 
lowest Siwaliks must be older than that. 

I'etrabelodon angustidens ranges in Europe or Africa from 
burdigalian to sarmatian inclusive. Consequently the evidence of 

this species will impel us to assign the fauna we have been 
considering to the sarmatian at latest, while there is a possi¬ 
bility of its being as old as tortonian. 

In this connection, it must be borne in mind that it is the 

fossiliferous basal beds of the Lower Siwaliks that are here 
classed. The upper beds and the so-called “ Middle Siwaliks ” 
may pass into the Pliocene, and it is from this part of the 

series that the Hipparion fauna is probably derived in other 
parts of India, 

THE UPPER SIWALIKS. 
As has been stated above (p. 159) these beds are sharply 

distinguished from the Lower Siwaliks by the frequency of 
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pebbles of nummulitic limestone in the sandstones, grits and 
conglomerates. In most cases there is a great thickness^ of 

boulder beds with limestone fragments bigger than a man’s head. 

Brown sandstones and sandy clays are also very characteristic 
beds in this division, On the northern edge of the Sihaf plain 

the boulder beds are well developed; also in the Kahan plain 
and elsewhere, where the boulder debris conceals all other for¬ 

mations from view. South of Gandoi the scries is well developed, 
going towards Jacobabad. They generally dip perfectiy confor¬ 
mably to the I.ow'er Siwaliks, but north of Kalakhu some 500 

Uncoiifovinity of Upper 
Siwaliks to older beds. 

feet of tjfcm are exposed resting on ^the 
upturned edges of the I.ower Siwa- 

liks, while in the Gujru and Sham 

area they are found in many places either overlying the N^ri 

sandstones or Khirthars directly or with only a small thickness 

of Jjower Siwalik intervening. There must therefore be a very 
considerable unconformity and time-break between the Lower and 

Upper Swaliks, especially when it is remembered that in other 
parts of Baluchistan and Sind the same beds are separated from 
the base of the Lower Siwaliks by an extra 4,000 or^ 5,000 fret 

of “ Middle Siwalik,” which is unrepresented in the Bugti hills. 

In the Bugti country they are rarely more than 600 feet in 
thickness, but in the Marri hills east of Sibi they are 2,000 feet 
or more thick, and these thicknesses are probably exceeded in 

other parts of Baluchistiin and in Sind, where Blanford estimated 
their thickness as approximately 5,000 feet. They are absolutely 

unfossiliferous, but probably coirespond to certain fossiliferous 

beds at the top of the Siwaliks in other parts of India and 

belong to the upper part of the pliocene. 

POST-TERTIARY DEPOSITS. 
Po3t.Tertiary deposits are met with everywhere about the hills. 

They are often very similar in appearance to the Upper Siwaliks, 

but are distinguished by their horizontal bedding. In more than 
one place I have been able to trace a later pebble-bed resting on 
tilted Upper Siwaliks where there was no lino to be drawn 

lithologically. Some of these deposits may be pleistocene, and 
the same is probably true of the ancient Indus alluvium, which 

extends up on either side of the railway almost as far as Sibi. 
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Borings or excavations in the future may bring to light a 
pleistocene fauna of a similar character to that which has been 

discovered in the older Gangctic alluvium. 

SUMMARY. 

The main conclusions arrived at in this paper may be 

summarized as follows ;— 

1. The ossiferous formation described by Blanford in the 
Bupti hills as Lower Siwalik is not a single series, 
but is divided into two by a distinct unconformity. 

2. The older of these twd series contains a rich anthracothc- 
roid fauna of aquitanian type associated with a fresh¬ 
water molluscan fauna, described by Blanford, which 
has no affinity whatever to modern types. The newer 

series contains Tetrabeloion angustideiis var. palcBindicum 

Lyd., T. paridionis T. falconeri Lyd. and Dino- 

therium indie,um var. pentapotarniw F. 
3. The first-named is identical with the Upi)er Ndri of Sind 

and is aquitanian in age. 
4. The second is truly Lower Siwalik and is identical in 

character with the Lower Siwalik of Sind. It is older 

than the deposits of Pikermi and Samos and is at 

latest sarmatian in age. 
5. The Upper Siwaliks are absolutely unconformable to the 

Lower Siwaliks in the Bugti hills and separated from 

them in Sind and other parts of Baluchistan by a 
considerable thickness of strata known as “ Middle 

Siwalik.” The Upper Siwaliks are unfossiliferous in this 
area, but probably correspond to the newest fossili- 

ferous beds of the Siwaliks elsewhere in India and 

belong to the upper portion of the pliocene. 
6. Lying unconformably on all tlie older beds are horizontally 

bedded gravels of Post-Tertiary age, many of which 

are no doubt pleistocene. The same is probably true of 

the older Indus alluvium. 
i 
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I.—PHYSIOGRAPHY. 

RAjPIPlA, the ])remier Slate in the Rewjikrmtha Agency, is 
situated between 21® 2,‘V and 21° 50' 

Situation. north latitude and between 73° 5' 

and 0'east longitude, and comprises an area of about 1,500 
square miles. In 1001 it had a population of 117,175. 

The State is divided into six talukas—Gardeshwar, Nandod, 
BhAlod, Dediiipara, V^ilia and Jhag- 

Geueial aspect : hills. hadia. The greater portion of the 

Gardeshwar taluka is a rugged jungle tract north of the Narbada 
river, about twenty miles east and west, by eight miles north 
and south. The whole of the DedisipAra taluka and parts of the 
other talukas form a sparsely populated, forest-clad, hilly upland, 
t]xe western continuation of the SatpurA range. The upland 
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bounded on the northern and eastern sides by high, craggy, 

rather sharp-crested ridges. The northern ridge, which may be 

called the R^^ipipl^i ridge after the ancient capital of the State, 

which is situated upon it, runs roughly parallel to the Narbada 

river. It is loftiest at the eastern end, where one of its peaks 

(Dhfiman Mil) rises to, a height of nearly 3,000 feet above 

sea level, and gradually decreases in height and loses in defini¬ 

tion south-westward until it merges into the alluvial flat of 

Guzerat. The eastern ridge is rather an offshoot of the northern 

one, and being comprised chiefly within the limits of the depen¬ 

dent State of Sagbirii may be called after that place. The 

forest-clad highland mentioned above has an average height of 

about 800 feet above sea level at the eastern end in the 

Dediipiri taluka. It, too, slopes south-westward like the Rij- 

pipli ridge until it is gradually lost in the undulating plain of 

the Vivliii and Jhaghadia talukas in the western portion of the State. 

The Narbada river enters the State at M/vnkadkh^da (28 miles 
east of* Nfodod as the crow flies). 

Rivers. Por about 20 miles it runs in a fairly 

straight course through a picturesque, well-wooded, hill country, and 

then merges into the fertile alluvial plain of Guzerat near Gar- 

deshwar, through which it meanders until it falls into the sea 

near Broach. At places the river is deep and narrow, imprisoned 

in gorges cut through black trap rock, and elsewhere it broadens 

into shallows and rapids. Of the rapids, those of Mokhadi have 

the greatest fall. Notwithstanding the rapids, the river is navi¬ 

gable to the extreme eastern border of the State for small craft of 

about 25 maunds burden. 
The portion of tlic alluvial flat below Gardeshwar which is 

included in the Nandod State (Naudod, Bhalod and Jhaghadia 

talukas) measures about 40 miles in length and 8 in width. 

The Deva river, which forms a part of the eastern boundary 

of the State, joins the Narbada at Sulpiin, a rather important 

place of Hindu pilgrimage. For about 6 miles above its junc¬ 

tion, nearly as far as the ruins of Dumkhal, it cuts its way 

through steep, high, overhanging scarps of sandstone. 

The Karjan river drains the central portion of the forest-clad 

upland mentioned above and falls into the Narbada. Both the 

Karjan and the Deva run a south-north course, but their tribu¬ 

taries gnd the other rivers of the Stgte (excluding V^ri and 
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Sagbdra)—the Mfidhumati, the Bnndva, the Kdveri, the Umravati, 

the Kim and the Tarfin—run in channels roughly directed east 
and west. This direction, as will be seen hereafter, coincides 

roughly with that of the rock strike, and of the trend of the 

faults, dykes and veins occurring in the area. 

II.—PREVIOUS OBSERVERS. 

The earliest reference to the geology of the R^jpipld State 
is contained in a paper on the well- 

Copland, 1819. known carnelian mines of Ratanpur 

by Dr. J. Copland, of the Bombay Medical Service, published in 
the Transactions of the Literary Society of Bombay (Vol, I, 

p. 289, 1819), an extract from which is given in the appendix. 
Much of the description given by him still holds good. I 

did not, however, notice any ‘‘fire-damp” mentioned by him, 

nor did I come across any mocha” stones. 
The next observer was Dr. Lush, who in a paper entitled 

‘ ‘ Geological Notes on the Northern 
Dr. Lush, 1836. Concan and a small portion olf Guzerat 

and Kathiawar ” (Journal, Asiatic Society of Bengal, Vol. V, p. 761) 

refers to the carnelian mines of Ratanpur. 
In 1838, Major Fulljames contributed to the Transactions of 

the Bombay Geographical Society 
Major Fulljames, 1838, 185*2. p 74) ^n account of the Ratan¬ 

pur mines which he had visited in 1832. Later on, in 1852, he 

submitted “Statistical and Geological Notes” to the Government 

of Bombay, which were embodied in the Bombay Selections ” 

(New Series, No. XXIII, pp. 93—114). The Nunimulitic rocks 

in the western portion of the State are referred to in these 

notes, and mention is made of the slag heaps at Limodra 

(Jhaghadia taluka). 
The first comprehensive account of the geology of the State 

was published in the Memoirs of the 
W. 1. Blaiiford, 186^*63. Geological Survey of India (Vol. VI, 

part 3) in 1869. The Memoir, which was written by Dr. Blan- 

ford, records the results of a survey which he made of the State 
during the season 1862-63, with the assistance of Messrs. Wynne 

ftnd Wilkinson, The general geology of the country is so fully 
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dealt with in it, that I have not much to add to it, especially 

as I could devote only about four months to the work, and 

my attention was directed to economic inquiries in which the 

State is interested. The geological sketch which follows is 
based chiefly upon the observations of Dr, Blanford and his 

colleagues. It is only in the section on economic geology that 

I shall have to notice a few things which either escaped their 

observation—and in a general examination they well might do so,—or 

were noticed in a casual way. 

III.—GEOLOGICAL SKETCH. 

The following formations occur in the State (in descending 

order):— 

4. Alluvium. 
3. Tertiary system (Nummulitics and higher beds). 

2. Deccan and Malwa trap. 
1. Cretaceous (Bagh beds). 

1.— Cretaceous system. 

This system consists of— 

(A) Sandstones, superposed by (B) liimcstones. It is best 

i . 1 ■ - ^1 ^1. exposed in tlic Deva valley be- 
Area and Litiiolofry. . ^ ^ i ^ n , ,t 

tween Sulpan and DmnKlial. Here 

the portion of the iiilicr wcvst of the Deva (that within tlie 
Rajpipla State) measures about (i miles north and south and 

4 miles east and w'est at the widest part. 

Four inliers of the Cretaceous rocks were met with in the 

Gardeshwar taluka. Of these, two are situated north of the 

Narbada—one extending f^om Nasri and Valpur westward to 

Khadgada and Sultanpur and the other from Limkhetar south- 
westward to Vanji. The other two occur partly north of the 

Narbada and partly south of that river—one between Vadgam 

and the Falls of Mokhadi, and the other extends from Limdi 

and Navagam to south of Gora. A small patch of the Greta- 

reous rocks occurs in the Nandod taluka south and south-west of 
S^kva, 
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A.—^The sandstones are massive, coarse and conglomeratic 
towards the base and finer grained above. They are generally 
white, but occasionally tinted red or brown. False-bedding is 
common. Owing to the numerous intrusions of the Deccan trap 
which intersect them throughout the area, the sandstones have 
been considerably altered. Generally, they may be described as 
quartzitic sandstonas, and, in places, as quartzites. 

The base of the sandstones was not observed anywhere. 
Their thickness must be considerable. On the Deva river, which 
exposes superb sections, scarps of sandstone some 800 feet high 
occur in places. As they extend for miles and are everywhere found 
inclined, their actual thickness must be several thousands of feet. 

But the dips being inconstant both in amount and direction, I 
could not attempt even an approximately accurate estimate of 
it without giving more time than I could spare to the examination. 

The sandstones are superposed in places—^Mathasar (3 miles 
south-west of Sulpan), east of the Deva river near Sulpan, 

etc,—by a brownish limestone crowded with a species of Ostrwa, 

It appeared to mg to resemble 0. Leymerii, If it be identical 
with that species—a point which is yet to be settled-^then the 

sandstones may be correlated with those higher up the Narbada 
valley which have been described by me under the designation of 

“ Nimar sandstone.”^ The increase in thickness of that groun 
westward near Ali and Kawant was noticed by me, and what 

has been said above shows still further increase in that direction. 
B.—In Dr. Blanford’s memoir the limestones are described as 

‘ ‘ calcareous shales”—a description which is hardly accurate. The 

limestones are usually black, occasionally greyish-wliite, or greenish. 
They are generally fine grained and compact; but coarte 

siliceous or shaly strata also occur. Like the underlying sand¬ 
stones they have been greatly affected by intrusions of the 

Deccan and Malwa trap which are seen to pierce through them 
everywhere. In fact they have, as a rule, been altered into marbles. 
The individual beds vary in thickness from an inch or two to 

several feet. Specks o! iron pyrites are disseminated through 
tlicm in places. They were specially noticed in the valley of 

the Todakhal stream (about half way between Sulpan and 
Dumkhal), 

1 Memoirs^ Geological Survey of India, Vol. XXI, ijp. 23—.35, 

P 
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The relation of the limestones to the sandstones is not 

quite clear. There may be a slight unconformity between them. 

The tliickness of the limestones is not so great as that of 
the sandstones. Still, in the Todakhal valley it is probably not 
much less than a thousand feet. 

Both the sandstones and the limestones have been disturbed, 

and not seldom considerably so. 
IS III aiice. Folding (synclinal as well as anticlinal), 

faulting, crushing and twisting were noticed in places. The dominant 
strike is north-east to south-west. 

The limestones have been correlated with the Bagh beds by 

Dr. Blanford. Idthologically, however, 
” they arc as dissimilar as any two sets 

of rocks could possibly be. 

In appearance the limestones strongly resemble the Vindhyan 
limestones of Ohhattisgarh and other places. The underlying 
sandstones also might well be taken for Vindhyan sandstones as, 
indeed, they actually were at one time by Dr. Blanford.^ The 

limestones have nowhere yielded the fossils which are so charac¬ 
teristic of tlie Bagh beds. In fact, except in the band of lime¬ 

stone interposed between them and the underlying sandstones, 
which has been referred to above, 1 did not find a trace of a 
fossil in them anywhere. This is all tlic more surprising as they 

are immensely thicker than the Bagh beds and were apparently 
deposited in a deep and tranquil sea. It is highly probable, 

however, that both the change in a])pcarance and tlie obliter¬ 
ation of fossils arc attributable to the metamorphism of the 

Rfijpipla rocks due to igneous contact. The determination of 
the age of the RAjpiplu bods will probably depend to some 

extent upon the identification of the fossil Ostrwa wJiicli has been 

mentioned above. The presumption, however, is in favour of the 
correlation suggested by Dr. Blanford. 

2.—Deccan and Malwa trap. 

The rocks belonging to this series cover by far the greatest 

Area and Lithology. Portion of the State. Porphyritic traps 
with greyish-white felspar are very 

conspicuous in the Dediapada taluka; and amygdaloidal traps 

1 Memoirs, Vol. VI., pt. 2., p. 185, 
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DyUes, 

appeared to be comraoneat ia the caatera portions of the Valia 
and Jhaghadia talukas. Tuffs are met with at various places, 

notably near RfijpiplS and south of Samaria and Mota Amba (Nandod 

taluka). 
Several interesting occurrences of trachytic rocks were noticed 

in the trap area in the Valia taluka. The largest of these, 

which includes a hill called Karia hill, lies between the villages 

of Avadhra and Baleshwar, and is about two miles and a half 
in length and a mile and a halt in breadth. The second 
occurrence is south of the village of Ashnavi and forms a hill 

called Bardaria, and the third north of Pathar and east of 

Koyliviin. •'’J ( 
In all these places the tracliytic rocks appeared to have 

intruded through the Deccan and Malwa trap. 
Dykes abound throughout the area. They usually take an 

east-west direction. The dyke rock is 
generally crystalline. 

Veins of calcite, or a mixture of calcite and quartz, were 
encountered at various places. They 
occur in the amygdaloidal traps and 
the western portion of Wie trap 

arc found in great force. These 

veins will be noticed in detail in the section on Economic 
Geology. Like the trap dykes, tlic most (lonsiderablc of them 
were found to take an cast-west directioji. Veins and geodes 
of chalcedony and other forms of quartz arc rather rare. The 
most noteworthy veins of that description were met with at 

Jespore, Vellavi, Tapda and Ohantoli. 
Throughout the area the traps \v(src found more or less 

disturbed. The prevailing dip is .southerly. 
The extravasation of the trappean rocks took place some 

time after the elevation and disturb¬ 

ance of the Cretaceous rocks de¬ 
scribed above. Dykes and intrusive sheets of the former are 
beautifully seen piercing through or following the bedding planes 
of the latter along the Narbada river, between Gora and 
Sulpan and also at several places in the Deva valley. In fact 
in going over the area doubts often assailed me as to how far 
the trappean rocks which now surround tlie Bagh inliers are 
of intrusive origin, and to what extent they are lava flows 

P 2 

Veins of calcite. 
t 

are most abundant in 

upland where those rocks 
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deposited upon a much denuded surface of the Cretaceous rocks. The 

problem is such an intricate one that I could not attempt to 

solve it within the time at my disposal. There can be no doubt, 

however, of the age of the traps being long subsequent to 

that of the Bagh beds. 

The upper limit of the age of the traps is obtained in the 

western portion of the State. There the Lower Tertiary strata are 

deposited upon a denuded surface of the trappean rocks; and 

the materials of the former are to some extent derived from the 
disintegration of the latter. So the age of the trappean rocks 

is intermediate between the age of the Bagh Cretaceous beds 

and that of the Numinulitics. 

Lithology. 

3.—Tertiary system. 

The rocks belonging to this system cover the western portion 

of the State comprising parts of the Jhagadia and Valia talukas. 

Tliey are nowhere well exposed, and only disconnected sections 

are visible in the streams which flow through the talukas, the 
Bhundra, the Kaveri, the Amaravati and the Kim, Lithologically 

the system is composed mainly of 

alternations of siliceous and argil¬ 

laceous strata. The former arc as a rule soft, and often 
coarse enough to be styled grits. Occasionally they are conglo¬ 

meratic. Tw^o well-marked horizons of the conglomerates were 

noticed in the area—one at the base of the series as exposed 
in the area under description, near Maljipura, Ambos, etc., and 

the other towards the top as at Kandh, Limot and the vicinity 
of Jhagadia. In the basal conglomerates trappean pebbles are 
common; but in the upper conglomerates they are either very 

rare or entirely absent; there occur instead in the latter pebbles 

of agate or other forms of quartz which are very abundant 

in the Ratanpur-Darnlai area, or rolled pieces of limestone and 

calcareous sandstone derived apparently from older, subjacent 

strata, as is most conspicuously the case at Limet, Hirapur, 

Kandhre. The lower gritstones and conglomerates with subordi¬ 
nate bands of clay are fairly well 

jV'umiim- Jigpiayed in the Amaravati stream 

between Ambos and Vagadkhol, where 

they are superposed by a great thickness of clay beds inter- 
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calated with thin bands of limestone, in places very fossiliferous, 

containing nummulites, gastropods, brachiopods, etc. The clays 

where exposed are more or less ferruginous, presenting various 

tints of red and lilac. 

Occasionally, as near Padvania, they are sufficiently ferruginous 

to be worked as red ochre. Elsewhere they are converted into 

laterites. This transformation of the clays into laterites is well 

seen at several places, as near Borjai and near Valia. The laterite 
forms a thin crust (not more than 6 feet in thickness) over the 

clays. There is a large spread of such laterite in the Valia 
taluka extending from Borjai and Panvadi through Vagadkhol 

and Valia to Dungri and Karsadh. At the last-named place the 

laterite is covered up by alluvium and was only visible in a 

well at a depth of about 13 feet from the surface. 

The upper conglomerates and grits are well seen about Kandh, 

Upper rroup. Damlai and Ratanpur. They 
too are superposed by clays which aro 

sometimes siliceous or calcareous or both. Thin bands of lime¬ 
stone also occur, but they are either unfossiliferou^ or the 

fossils they contain are different from those of the lower group 

mentioned above. Mr. Blanford found Bahnus in some abundance 
at Singpur, below Hirapur, just outside the R^jpiplfi. State. I 

found fossil leaves in some quantity in clay rocks at Bharan. As 
in the lower group, the clays towards the surface become more 

or less ferruginous, being tinted red, yellow and purple, and are 

in places lateritised. They are well seen in the vicinity of 

Ratanpur, Bhimpore, Damlai, etc. East of Padvania numerous 
fragments of fossilised wood (monocotyledonous) were met with 

in association with a lateritic rock. But the sections arc so 

obscure that it is difficult to tell whether this rock is to be 

located in the lower or the upper of the two groups which have 

been described above. 

The strata belonging to both the groups are disturbed 
iv. . throughout the area, and sometimes, 

as in the neighbourhood of Jhagadia, 

considerably so. But as a rule the dip does not exceed 10°, and 

the prevailing direction is north-westward. Between Ratanpur 

and Damlai the strata have undergone anticlinal folding, the dips 
near the latter place pointing south and those near the former in 

the opposite direction. 
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The Nummulitic age of the lower of the two groups 
. described above is established by 

palfloontological evidence. That the 
strata of which the upper group is composed were formed 
at least partly by the deuudatioii of those belonging to the lower 

is shown by the presence of rolled fragments of limestone and 
calcareous sandstone from the latter in conglomerates which form 

the base of the former. The palaeontological contrast between 

the two groups is also remarkable. On account of the paucity 
of good sections and the discontinuity of the few that occur in 
the area, the two groups could not be separated on the map. 
But my observations have led me to confirm fully the surmise 

of Dr, Blauford that the upper group is younger than the lower 

and is probably of the same age as the Perim beds (pliocene). 

4.—Alluvium. 

i The alluvial deposits were nowhere closely studied in the valley 
of the Madhuinati. Close to the trap hills, where their base is 

seen, the thickness amounts, in places, to nearly eighty feet. 
Bands of trappean pebbles occair at various horizons, from the 

top to the bottom. CalcarcHUis concretions are generally abundant 
and tufaccous limestone is by no means uncommon. In places 

the sandy beds are sufficiently liardcned to be called sandstone. 

IV.—ECONOMIC GEOLOGY. 

1.— Carnelian and Agate. 

The carnelian mines of Jtatanpur in Jhagadia taluka have 
long been celebrated. The first authentic reference to them, 
however, does not ajjpear to date earlier than the commence¬ 
ment of the sixteenth (century. The “ Carnelian hills seventy miles 

from Cnmbay ” referred to by Varthema (A.D. 1503—1608) can be 
no other than those in the vicinity of Ratanpur. About this 
time, according to a tradition of the lapidaries of Cambay, an 
Abyssinian merchant named Bawaghor established a carnelian 
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factory at Limodra (or Nimodra).^ At first the stones were 
prepared by Mahomedaiis, but the Hindus soon took to the 

craft. The merchant died at Limodra, and a slirine was raised 

to his honour on a hill close to the carnelian mines now well 
known as the Bawaghor hill. “ The Sidi (Abyssinian) merchant, 

says the writer of the Bombay Gazetteer, “ is still remembered by 

the Hindu agate workers. Each year on the day of liis death 

Shravan Sud Purnima (July-August full moon) they offer 
flowers and cocoanuts at his tomb. As it is far to go from 
Cambay to Bawaghor, they have in Cambay a cenotaph talciya 

in liis honour, and those of them who are settled in Bombay 

have brought with them this memorial of the founder of their 

craft. The Cambay agate workers assert that the well-known 

shrine of Bawaghor was raised in honour of their patron. 

According to their story, while wandering from place to place 
as a religious beggar, the Bhawa did business iri precious stones, 
and becoming skilled in agates set up a factory at Nimodra 

(Limodra). Here he prospered and died rich.” Limodra appears 

to have continued to be the principal seat of the carnelian 
industry during the IGth century. According to Barbosa (1514) 

the stones were polished and worked there into rings, buttons, 

beads, etc., and merchants from Cambay used to come to 

Limodra to ])uy them. In the beginning of the 17th century 
the seat of the carnelian industry appears to have been trans¬ 

ferred from Limodra to Cambay. Henceforth only the preli¬ 

minary operations of sorting the stones and exposing them to 

fire to develop the colour were performed at Limodra. They 

were then taken to Cambay to be cut, polished and worked up. 

1 Gazetteer vf the Bombay Presidency^ VdI. VI (1880). p. ‘200. According 
to the writer of the Gazetteer the factoiy was ('stablishcd at Nandod. I 
have but little doubt, however, that the place was Jjiniodra. Nandod is 22 
miles (as the crow flies) eastward from the mines. In the beginning of the 
sixteenth century it was a place of no great impcrlancc, and there is no 
tradition of the existence of a carnelian or, indeed, of any other industry 
of importance there. Limodra, on the other hand w'as within 4 miles of 
the mines. Its ruins testify to its having been a j)]ace of great importance 
as early as the beginning of the 11th century, and inscriptions, on the 
footstool of an image of Rikhadcvji found there are dated Sambat 1120 (A.D. 
1004). Barbosa (1614) refers to Limodra as the headquarters of the 
carnelian industry. Even now the preliminary operations of sorting and ex¬ 
posing the stones to fire to develop tiieir colour are carried on there. 
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Speaking of Cambay, Tavernier (1651) i^ys that it was there 
that the agates and carnelians were worked into cups, knife* 
handles, beads and other sorts of workmanship. “ Of eighteenth 
century travellers, Hamilton (1700—1720) mentions, among articles 
made at Cambay, stones for signets and rings, some of these 
worth double their weight in gold, cabinets of stone, in some 

cases fourteen or fifteen inches long and eight or nine deep, 
worth from £30 to £40, bowls and spoons of several sizes, 
handles of swords, daggers and knives, buttons and stones to 
set in snuff boxes of great vahie (New Account, I, 140—146), 

Half a century later, Tieffenthaler says that the white Ratanpur 
agate, baked red at the mines, was in Broach and Cambay 
worked into vases, little plates, basins, and other pieces, and 
sold in Surat and thence taken to Europe.”* 

In 1805 the value of manufactured carnelians and agates 
exported from Cambay was estimated at £9,490. The returns 
for the five years ending 1878 give an annual average of £7,000. 

The carnelians and agates which in the vernacular are com- 

.Mode of oecwneiice, Poised under the general name of 
akik occur in the conglomerates of 

the upper group of the Tertiary system found in great force 

about Ratanpur, Damlai and Dholikuva. The following strata 
were met with in a recently abandoned pit near Damlai which 
was cleared for my inspection ;— 

F eet. 

(1) Soil with scattered akik pebbles .... 6 

(2) Conglomerate, somewhat ferruginous with akik jwbblcs 15 
(3) Rather loose akik i)cbbles.3 

(4) Reddish ferruginous sand . . . , , ... 

Rather good pieces of akik are sometimes found in (2) but 
the most paying stratum is (3). I was informed that in the pits 

on the deep side the conglomerate (2) is interstratified with clays. 
It should be noted that the strata (2) and (3) are composed 

exclusively of fairly well-rounded pebbles of different forms of 
chalcedony (especially carnelian). That they have been derived 
from the disintegration of the trap beds hardly admits of any 

doubt. But these beds must have been very different from those 

1 Gazetteer of the Bombay Presidency, Vok VI, 207, 
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which are seen at the present day in the adjacent trap area 
(east of that occupied by the Tertiary rocks), where veins and 
geodes of chalcedony or any other form of quartz are, as have 
been noted above, very scarce. Incidentally it may be men¬ 
tioned that the akih pebbles throw some light on the ago of 
the Deccan and Malwa trap. As has been noticed before, they 
are rare in the lower or the Nummulitic group, but are very 
abundant in the upper group which is probably of pliocene 
age. It would appear that by the beginning of the Tertiary 
period there had not lapsed sufficient time for the formation 
of those veins and geodes of carnclian and agate the dis¬ 
integration of which yielded the akik gravels of the Ratanpur- 
Damlai area. 

etc. 

The akik pebbles are usually two or three inches along the 
. . longest diameter. As raised from the 

»f pebbles, varieties, they are light-coloured with 

generally a slight milky tinge. They 
are chipped at the mines to see if they have any flaws. Those 
that are approved are carried in baskets to Limodra. Three 
annas per basket is paid for stones from one inch* to about 
three inches along the largest diameter; and eight annas per 
basket for stones of larger size. 

At Limodra the stones are exposed to the sun for about four 
months. They are then partially baked in the manner described 
by Dr. Copland.^ The following description of the effect of 
the baking process is given by the writer of the Bombay 
Gazetteer:— 

“ Of yellows, maize gains a rosy tint, orange is intensified 
into red, and an intermediate shade of yellow becomes pinkish 
purple. Pebbles in which cloudy browns and yellows were at first 
mixed are marked by clear bands of white and red. The hue 
of the red carnelian varies from the faintest flesh to the 
deepest blood red. The best are a deep, clear and even red, free 
from cracks, flaws or veins. The larger and thicker the stone 
the more it is esteemed. White carnelians are scarce. When 
large, thick, even-coloured and free from flaws, they are valu¬ 
able ; yellow and variegated stones are worth little.’’ 

' See Appendix. 
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The writer of the Gazetteer mentions three stones which are 
left unbaked:—“ An onyx called mora or iawaghor^ the oat’s-eye 
called cheshamadar or dole, and a yellow half-clear pebble called 

* 99 ron. 

When I visited Limodra last January (1907) I did not hear of 
any such stones, nor of any baked stones other than those 
which are tinted red or yellowish. Probably my informant, re¬ 
presentative of the late lessee of the Ratanpur mines at Limodra 
(a Cambay merchant), who was there only to despatch the 
remainder of the outturn of the previous season, did not know 
much on the subject himself, or, if he did, was unwilling to im¬ 
part to mo the information he possessed. 

The baked stones which I saw at Limodra are tinted red 
or yellow. I did not see any white ones. I was informed that 
the baked stones were divided into the following four classes 
according to their colour and size :— 

1. Selan 

2. MadKyam 

3. Tukri 

4. Malai 

very deep-red (selling at Rs. 100 per cwt.) 

light-red 

ft 

tf 

ff 9t >1 50 ,, f, 

» ), »» 20 ,, ,, 
»♦ » »> 10 ,, tf 

Mr. R. B. Foote, late of the Geological Survey of India, 
who paid a visit to Limodra about 15 years ago, was furnished 
with the following classification of the stones by the then lessee 

very light colour. 

white and bluish, 
good colour, red. 

„ „*■' (small), 
common kind. 

white to yellowish' after baking, 

white, 
lai'go agates (rare), 
poor stones. 

It will be seen that with the possible exception of “maddya’^ 
which is very likely identical with “ madhyam,” there is not a 
single name which is common to the two classifications. The list 

(a Parsi merchant) h— 

1. Jerda 7 
2. Maddya ) 
3. Maotaria 
4. Lambidunghi 
5. Rodi Damli • 
6. Moti Damli . 
7. Asli 1 
8. Bainan > 
9. Devnapug. 

10. Datora 
11. Bimpore 
12. Pipodra 

1 Qeohgy of th» Baroda Stale, p. 140. 
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given by Mr, Foote’s informant is more comprehensive than the 
one given by mine, as the latter is confined only to red car- 

nelians. Rut even then the discrepancy is very marked. Several 

of the names : in Mr. Foote’s list are apparently given after 

villages at or near which the stones occur. Damli is probably 
the same as Damlai, near which village there occurs, as has been 
noted already, an important group of carnelian mines; and in 

“ Birapore ” is recognised the village of that name near Rajpardi 
Railway station where I picked up a large piece of beautifully 
variegated chalcedony measuring about 4x3 inches. 

The stones, after being partially baked and slightly chipped 

to ascertain how they are coloured and whether they have 

any flaws or cracks, are sorted, and then transported from 

Limodra to Cambay to be there worked up into beads, 
necklaces, wristlets, armlets, etc. A very interesting description 
of the processes of sawing, chiselling, polishing, etc., is given by 

the writer of the Bombay Gazetteer.^ Though it was written 

as long ago as 1878 it still holds good, at least to a great 
extent. 

There would appear to be considerable room for' improve¬ 

ment in some of the processes of manufacture adopted by the 

Cambay lapidaries. 

No mining operations 

Miniug. 

were carried on during the winter, 
1905-06, Ho 1 could only visit the 

deserted pits. There arc two groups 

of these, about two miles apart, one near Darnlai, and the other 

close to Ratanpur. No work has been carried on in the Ratan- 

pur area for some years past, as the quality of the stones there is 
considered to be inferior to that of the stones in the Damlai 

area. The deserted pits in the latter area, which are marked by 

mounds of rejected gravel, cover an area about three-quarters 

of a mile in length and less than a quarter of a mile in 

width. The strike of the akih beds is very nearly E. S.E.— 
W.N.W. and the dip is S.H.W. I was informed by the men 

who had worked the pits during previous seasons that the 
stones improved in size and quality on the dip side, but the 

workers could not proceed far in that direction on account of 

trouble with water. 

1 Op, ciL Vol. VI, pp. 201—205. 



l82 Records of the Geological Hur'cey of India, [VoL, XXXVll. 

Near the outcrop the pits are from 25 to 30 feet deep. One 

pit which was cleared for my inspection was found to be 26 

feet in depth. 

The deepest pits in the direction of the dip were reported 
to me to have gone down to about 70 feet. 

Mining is still carried on as it was when the oarnelian beds 

were first opened up centuries ago. It is, I need hardly say, 

very unsystematic and wasteful. One or more pits according to 
the demand are sunk during the cold weather, and as much 

gravel is extracted from them as is possible by driving galleries 

for short distances in various directions. The roof partially 
falling in during the monsoon, when no work is carried on, the 

old pits become unworkable in the next working season and fresh 

ones are dug at a safe distance from them. A large quantity of 

valuable material is thus left onworked. The amount which has 

thus been wasted in the past must be enormous. 

If mining were conducted on modern methods not only 

would all this waste be prevented, but it would be possible to 
carry on operations to much greater deptlis than at present— 

depths where carnclian and agate pebbles of larger size and 
better quality than those extracted at present are found. The 

higher value which such stones are expected to fetch will pay 

for the larger initial outlay of modern mining. 

The conglomeratic bed^ just above the most valuable layer 

of ahik appeared to me to be firm enough to afford a tolerably 
good roof. Timbering would, however, be necessary to some 

extent. 
During the five years 1902—1906, the akik mines were leased 

Output of the Carueliau 
IHiiies. 

out to a contractor on a fixed royalty 

of three thousand rupees a year. 

The total quantity of stone raised 
within that period was about 100,000 cubic feet. The annual 
output was thus about 20,000 cubic feet. 

2,—Iron ore, Bauxite, Ochres. 

The laterite of the Tertiary area^ (Jhagadia and Valia 

Laterit«as iron ore.: slags. 
square mdes, was very largely utilised 

* tSee ante, p. 188. 
2 See ante, p. 175. 
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by the ancients as iron ore. Extensive mounds of slags were 

encountered at various localities, among which Limodra, 

Bhimpore, Amaljhar and Padvania may be specially noted 

as being either on or close to the railway line. Ground slag 

being now largely used mixed with cement for floors and 

pavements, the large quantities of it lying at those places 

should have a ready sale at such places as Surat, Broach, 
Baroda and Ahraedabad. There are calcareous beds in the 

Tertiary series which appeared to me suitable for the manu¬ 
facture of cement. If actual trial confirms this conjecture of 

mine, the enormous quantities of slag just mentioned which 

occur in the Tertiary area could be utilised for the manufacture 

in the R^jpipld State of an artificial stone like the “ Patent 

Stone ’’ now made and largely used in Bengal. An idea of the 

quantity of slags available may be formed from the fact 
that at Limodra they cover an area of about 6 acres, and 

average 5 feet in thickness. 

As might be expected, the laterite as an ore of iron is of 

Uiialitj'«f tlic Ore. 
sample from Dungri was analysed 

by Dr. C. Schulten with the following result' 

Oxide of iron • t • • • . 73-17 

Alumina • • • • ♦ . 9-26 

Silica • • • , 10-08 

Tjime • • • • • . 1-20 

Water • • • • • . 4-90 

• • • 9 . 0-79 

100-00 

This analysis proves tiie ore to be of good quality, and 

from the extensive area covered by 
an Iron laterite a very large quantity of 

11 US ly at ajinp , may be expected. But until work¬ 

able caking coal is found in or near Guzerat, the question of 

the regeneration of the now extinct iron industry of Rajpipld 

cannot be seriously discussed. I may note in this connection 

that there is a bare chance of such coal being found in Kathia¬ 
war, if not in Guzerat. Within the Rajpiplfi State I foimd, 

in the Tertiary beds at Bharan, clay beds crowded with fossil 
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leaves, and I have recommended the sinking of shallow pits 
in the area. I met with much more promising indications of 
workable coal in the Gondwana formation in Kathiawar where 
prospecting operations are now in progress. 

Besides iron- ore the 

Laterito as a source of 
Bauxite. 

but further investigation 
with a higher percentage. 

laterite may yield workable ore of 
aluminium (bauxite). The percentage 
of alumina found in a sample from 
Vasna is rather low (37*51 per cent.), 

may reveal the presence of bauxite 

Red and yellow ochres are found at various places in the 
Jhagadia and Valia talukas-^vicinity 

Ochres. Ratanpur, Bhimpore, Padvania, 

Vasna, etc. Of all these deposits, the best are the red ochres 
occurring at Padvania. They have been worked for many years 
past. Mining is carried on in the same unsystematic way as 
that in vogue for the carnelian deposits. The following section 
was exposed in a pit which was opened last cold weather for 
the extraction of the ochre:— 

Feet. 

Soil.4 

Red and white-mottlod clay . , , . .16 

Red ochro ........ 4 

About 3,200 rnaunds are annually taken out of the State 
on pack-bullocks by Mahomedan traders (Banjaras). The royalty 
paid by them is two annas per maund. A sample of the 
ochre was analysed with the following result:— 

Oxide of iron . • • • . 23*80 
Alumina .... ■ • 4 . 21-30 
Limo .... 4 ■ ■ . 2-80 
Mangnesia .... • • • . 1-70 
Silica. .... • • • . 36*32 

Carbonic acid and water • • • . 14-40 
IX)98 . . , . $ • • . 0-68 

100-00 
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3.—Limestone, Calcite, Gypsum, Pottery Clay. 

Limestone. 

The limestones of the Tertiary system are of inconsiderable 
thickness. They did not anywhere 
appear to be pure enough to yield 

lime of good quality. Some of them, however, as near Hirapura 
and Kandh, might be suitable for the manufacture of cement. 

Deposits of calcareous tufa are met with at numerous places. 
Among the more noteworthy of these are Tcjpur by the Madhuvati 
river, about 3 miles south-west of Umalla station (Rajpipld State 
Kailway); Mota Amba (9 miles east of Nandod); Mota Machi and 
Rakhaskundi (Dediapara taluka). 

A sample of the limestone from Tejpur assayed by Dr. 
Schulten gave the following result;— 

Lime . • • • • • • , 50-67 

Carbonic acid and water • • • . 37-34 

Oxide of iron and alumina . • • • . 1*46 

Magnesia • • • • • • . 0*45 

Silica • • • • • • • . lO'OO 

Loss • * • • • % . 0-09 

-T 
100-00 

Veins of calcite were found at sundry localities in the 

Calcit4‘ Deccan trap area, the most note¬ 
worthy among them occurring at;— 

(1) Rupania (Jhagadia taluka). 
(2) South of Vali, KliaJak and Bamanfalia (Bhalod taluka). 
(3) Chandravaii, Vadkhunta and Janoti near the deserted 

village of Sajanwalla (Valia taluka). 
(4) Behej (Nandod taluka). 

The veins occur in association with amygdaloidal trap 
and were invariably found to be superficial. The one at 
Chandravan was found, by digging, to go down to five feet. 
Below that depth occurs decomposed amygdaloidal trap with 
nests and strings of calcite. 

The direction of the vein at Chandravan was found to be 
N.N.E—S.S.W. It is GOO feet long and about 30 feet wide. 
The vein at Janoti near the deserted village called Sajanwalla 
nxeasured 125 feet in length and 15 feet in breadth. 
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Though superficial, there is a fairly large amount of calcite 
available in the area. I did not, however, come upon any 
specimens transparent enough to be of use for optical purposeij. 

It would, however, yield lime of superior quality. 

Gypsum was met with in the clay beds of the Tertiary 
system at Bhilod by the Amravati 
river and at Dodvada. It is some¬ 

what earthy, and there did not appear to be any very large 
extent of it. 

Clays well suited for high class pottery occur in the Tertiary beds 

Prttterv rl'iv numerous places in the Jhagadia 
iieij . talukas. Those occurring west 

of Damlai' appeared to me to be the best. 

4.—Building Stones. 

There is a large variety of excellent building stones in the State. 

The beds: Mar- marbles and quartzitic sandstones 
bles and quartzitic sand- occurring in the Bagh beds have been 
stones* referred to already. The marbles aro 
usually of a black colour, but white, greyish and greenish tints are 
also occasionally met with. The black marbles take a good polish. 
They occur in strata from 2 or 3 inches to as many feet in thickness. 
At places they have been much crushed and shivered as at Mota 
Amba and thus rendered useless. The somewhat frequent presence 
of iron pyrites is also a diawback. Workable marbles of good quality 
were met with at the following places :~ 

(1) A mile south-east of Gora (Gardeshwar taluka) close to the 
Narbada river, about 12 miles east of Nandod. 

(2) About Zulta Amba and Vanji (eastern portion of Gardeshwar 
taluka, south of the Narbada river). 

(3) Mokhadi on the Narbada 
(4) The most extensive deposits of black and other marbles occur 

in the valley of the Todakhail stream (a tributary of 
the Deva river) about half way between Sulpan and 
Dumkhfil. 

The deposits (1) and (3) are favourably situated in regard to 
river transport, and those near Gora in regard to cart-carriage 
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as well, there being a good cart road from Nandod to that 
plage, 

Quartzitic sandstones well suited for building p^^pose,' as 
well as for millstones, grindstones, etc., are found in all the 
outcrops of the Bagh beds. The most conveniently accessible 
occurrences, however, are those near Gora and Sakva (8 
miles east of Nandod). There is an old quarry at the latter 
place. 

The best stone for all ordinary building purposes is a 

The Deeea.. tmp .cries, rock iatiusive m 
the Deccan trap senes. In durabil¬ 

ity and appearance it compares very favourably with the best 
atones now used in Guzerat, and occupying, as it does, an advan- 
tageous situation, it is hkely to have a large sale and 
yield a handsome revenue to the State. The Karia Jlill 
between Zazpore and Goratia, and Bardaria. hill near Undi are 
composed of it. The Karia stone is a greyish white, massive, 
moderately hard rock. It takes a fairly gOod polish and Resists 
weathering remarkably well. The area occupied by it wduld be 
about 2 square miles. It was rather extensively quarried in 
ancient times, the memory of which is still preserved in the 
name of the lull, “Kara”, in the Guzerati dialect, meaning 
masons, and in a fair which is still held annually at the foot 
of the hill. There arc also two oaves at the top of the hill, 
one of which is consecrated to the god Mahadeo and the other 
affords shelter to his custodian. Barring this solitary habitation 

* the vicinity of the lull is now a dense jungle, and it is no 
wonder that, though I found that the Karia rock was used in 
all the old temples and other masonry structures in the western 
portion of the State, no one could inform me as to where 
it had come from. 

Kaiia hill is only 7 miles as the crow flies from the Rajpardi 
station of the Rajpipla State Railway, and a branch line could 
bo constructed without serious difficuity. The hill is surrounded 
by basaltic traps which would afford good road metal and 
ballast. As there is every likelihood of there being a consider¬ 
able demand for these as well as for the Karia stone in the 
area between Surat and Ahmedabad, I would strongly recommend 
the construction of the branch line. 
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The traps do not afford building stones of superior quality. 
But at RajpiplS. (the old capital of the State) there are some 
bedded tuffs which have been extensively used in local temples 
and other structures. Similar tuffs occur also south of Samaria 
and Mota Amba. 

The rocks of the Tertiary system being as a rule very 

Torliarv rocks. 
stones. The conglomerates and grit¬ 

stones and the thin, comparatively hard, calcareous bands 
occurring in association with the clays in the upper group, as 
about Hirapur and Kaiidh, may, however, be used for rough 
purposes. 

The conglomerates and gritstones are quarried at Kandh and 
Hirapur for grindstones. But they are of very inferior quality. 

APPENDIX. 

Account of the Carnelian Mines in the neighbourhood 
of Broach by J. Copland (Extract). 

On account of the tigers with wliicli the country abounds, no human 

habitat ioiib w(*rc* found nearer the mines than Rutunpoor, whieJt is seven 

miles off. The miners reside at NiM'inoodra, where alone the stones are 

burnt. The mines are in tlio wildest part of tlie jungle, and are very 

numerous; they are sliafts working perpendicularly downwards, about 

four feet wide: tlie <lce{>c.st wo saw was 60 toot ; some extend in a 

horizontal diiection at the bottom, ])ut in consequence of tlie earliness of 

the season few li.ul rcaclu'd a depth sufficient to render this return neces¬ 

sary, and in thosi^ that liad it was not carried manj’ feci, fn using the 

term ‘ eaiiiness of tlio st^ason,’ it is proper to mention that the j)its are 

such as to prevent tlujir Ijcing workf'd a second year on account of the 
heavy rains A\luch cause tlie banka to fall in, S(t that now ones are 0]>oned 

at the commencement of every fair season. We arrived at the mines 

about 7 o’clock A.M., wlion none of the workmen had come except 

one, who accompanied us as a guide from Roemoodra. We were informed 

tliat the lirc-ckni)) (hydrogen gas) was not uncommon in the mines, and 

that tlio miners did not descend till tlie sun had risen suffieiently to dispel 
the vapours. We wont to the bottom of one pit, about 30 feet deep, 

without any assistance from ropes, or ladders, by means of small niches for 
the feet and liands on ofiposite aides of the pit, but understood that the 

minors always made use of a rope to luild by, of wJiicJi wc could not 

avail ourselves, as the workmen at the close of their labour carry to thoir 
homes the simiilo instnimonts of thoir vocation, together with the stones 

which the day’s labour lias acquired. The soil is gravelly, consisting 

chiefly of quartz sand reddened by iron and a little clay. The nodulov 
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may weigh from a few ounces to two or even three pounds, and He very 
close to each otJior, but for the most part distinct, not in strata 
but scattered through the mass and in tho greatest abundance. T saw 

none of a red colour at tho mines; some wore blackish olivo like common 

dark flints, others somewhat ligliler, and others lighter still with a slight 
milky tinge. The first our guide informed us would bo black when 
burnt, the second rod, nnd tlio third white. In this he may have 

been correct; but I doubt the fact as to the first, which wo found in a 
proportion inconsistent with tho well-known rarity of a black cameUan. I 
sent specimens of each to Captain Hall of tho Royal Navy whose zeal 
in all scientific researches I doubt not has settled this point. I confess 
ra3rself of opinion that there can be no ]>r(ioiso rules drawn from tho 
appearance of tlio stonos before, for that which they will assume after 

burning; because it depends j)arMy on tlio degree of heat they undergo. 

A rod carnelian by an intense heat will l)eoomo white; but as far as 

my observations go, no stone of tlio former colour is found so in the mines 
(excepting jaspers), although a largo proportion of them assume it at Noo- 
moodra. Many also, after having been burnt, slxow both colours some¬ 
times distinct and sometimes mixod, and of a junky bluo; while the colour 

was uniform, or very nearly so, in all Avlxich I remarked at the mines. 

Tho lightest coloured st<>nes came out of the fire of a much more delicate 
and transparent white than before, and often surrounded by a cortex of 
red, but without any distinct line separating tho colours. Wo were unfor¬ 
tunate in the time of visiting Neemoodra, for all the good stones had^beon 

removed and only a fow heaps of refuse left. I saw none imbedded in 
rocks as flints are in tho chalk; some nodules on being broken showed a 

mixture of quartz and agate, and otluus in a crust of quartz minutely 
crystallized on the inner surface contained a black oxide of iron of a pow¬ 
dery appearance, many pieces of whicli wo found by themselves in the 

gravel. Hematites chiefly of tho brown and grocm (without red spots) 
varieties, mocha stones and jaspers of various colours are very common 

here; indeed tho last was found in almost every part of the province wo 

visited on our route; each stone is ehippod in the mine to discover its 
quality, and those which are approved sej)aratcd from the njfuse, heaps of 
which lay at the moutli of every {)it which had boon worked. 

“T shall now attempt to give an account of the mode in which tho 
camelians undergo the action of tiro, as derived from tho testimony of a 
respectable native attached to tho adawlut at Broach, who was formerly 

in the carnelian trade, and had hiniself suporintxjndcd the process at Noe- 
moodra; his account is corroborated by onr porsi^nal observation, and by 

what wo learned on the spot. 

** The stones are brought to tliis village every evening, sjiroad on the 

ground exposed to thfi sun to prejiaro thorn for (ho further jjrocoss, and 

turned every fifteenlh day till tho time of l)uniing, which is only once a 
year, one montli befoi-o tlio commeneetnont r)f the monsoon. They aro then 
put *into round earthen pots about fourteen inches in <liamotor, tho bottoms 

of which have bcHJn taken out, and the j^ots inverted (mouth downward): 
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tho pieces taken from the bottoms are put inside and placed over the 

mouths to prevent the stones falling out; in this state the pots are placed 

Bide by side in a trench of indefinite length, but of which the depth and 

breadth are about two feet, having a layer of hve or six inches of diy 

goats' dung below, and the same above the pots. 

“ This is set on fire about eight o’clock in the evening. All the fuel is 

consumed before daybreak, when the pots are removed from the trench to 

the open air for the stones to cool which requires about three hours: after 

this they are taken out of the pots piled in heaps and again chipped for 

the same purpose as when taken from tho mines, and are finally thrown 

into a pit whore they remain till called for (more to be out of the way of 

thieves than as constituting any part of tho operation). From Noemoodra 

tho carnelians are carried to Cambay by the merchants who come from thence, 

whore they are cut and formed into the beautiful and much sought after 

ornaments peculiar to tho place. 

** I ought to mention tliat the minors do not forsake a pit on meeting 

with a spring, but merely change their direction, the water never rising to 

any great height.** 
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Report on the Suitability of the Sands occurring 
IN THE RAJMAHAL HILLS FOR GLASS MANUFACTURE. 
By Murray Stuart, B.Sc., F.G.S., Assistant Super¬ 
intendent, Geological Survey of India, (With Plates 
7 and 8.) 

During the latter half of the season 1907-8 I was deputed to 
the Rajmahal hills to investigate the district for sand for 

glass making purposes, as well as for kaolin and fireclay.^ 
The area investigated is that described by V. Ball in Memoirs 

of the Geological Survey of India, Vol. XIII, Part 2. 
The sand deposits in the district can be divided into two 

groups—namely {a) River sands, and (6) Bedded sands. 

(a)—B,iver Sands. 

The only sand in the first group which is at all suitable fvr 
glass manufacture is the Ganges sand, which occurs plentifully along 
the banks of the Ganges. 

I have investigated a san^ple of this sand (20/975)^ taken from 
the right bank of the Ganges at Colgong (2fi°lG'; 87°17^) and have 
made glass from it (20/976). This glass is of a dark-green colour 
owing to the iron contained in the sand, and is only suitable for the 
cheapest and darkest kinds of bottles, such as claret and beer bottles, 
and cannot be utilised for the manufacture of medicine or soda 
water bottles. 

I also made an experiment to determine the effect of treating 
with manganese, which shows that hock bottles can also be manu¬ 
factured from this sand ; the combined effects of the iron (already 
present in the glass) and the added manganese (manganese dioxide) 
civine the brownish red, non-actinic colour of the hock bottle 
(20977). 

The variation in the composition of the Ganges sand throughout 
the district is negligible, as a slight difference in the percentage of 

1 Thj iCiiillB of my enquiries into the latter subject will bo published Inter. 
2 The numbers in brackets refer to the registered numbers of specimens pre¬ 

served in tho Geological Survey Museum, Calcutta. 
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iron present merely causes a slight variation in the tint of green 

colour produced, which is not of the least consequence for bottle 

glass. As regards the purification of this sand, it is practically impos¬ 

sible to make much improveTuent by the ordinary means at present 
at the disposal of the manufacturer. Some of the iron is present 

as magnetite, and this of course may be separated magnetically, but 

the greater ))ortion is present as ferro-maguesian minerals, chiefly 

biotite mica with a little garnet and iron-stained (piartz-grains. It is 
impossible to remove iron by burning, and since the sand is deposited 

from water, it is impossible to cJl’ect any change in its com¬ 

position by washing and sieving. 

The othci rivers in the district wliei-e 

are the following *— 

sand occurs jjlcntifully 

the Godhanee river which flows through the Chuperbhita Coal¬ 

field ; 

the Bansloi river which flows through the Pachwara Coal¬ 

field; 

the Brahminec river which flows through the Brahminee Coal¬ 
field; 

the Kuieea river which flows westwards by Godda (24°49'; 

87°17'). 

The sands in these rivers all contain much more iron than the 

Ganges sand. The difficulties of access and transport arc also great, 
as no barges or boats come up these rivers in the rains, and in the 

dry season they arc reduced to mere threads of water. The only 

transport of the district is by bullock or buffalo cart. These facts 

quite put the sands out of consideration for ;lass manufacture, 
as, in the manufacture of bottles, chcajmess of crude materials is 

one of the most important jioints. Also glass made from these 

sands would be of a darker colour, and consequently of not such a 

good quality as the glass made from the Ganges sand. 

(h^—Bedded Sands. 

Passing to the consideration of bedded sands;—White Damuda 

sandstones occur in this district at Mangal Hat (25°4'; 87°51') 
and Pir Pahar (25°6'; 87°r)0'), on the east side of the hills, and 

in the Hura and Chuperbhita Coalfields on the north-west. 
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These sandstones are, or rather were, felspathic sandstones, in which 

now most of the felspathic material has undergone decomposition 
into kaolin. This kaolin is at present being extracted from the 

sandstone at Mangal Hat by a systeni of crushing and washing, and 

is being sent to Calcutta for the manufacture of porcelain and china- 

ware by the Calcutta Pottery Company. 

T am informed that all the sand obtained as a byc-product in 

the extraction of this kaolin is being utilised by the Company in 
the manufacture of their goods. Consequently the glass manufac¬ 
turer must start with the crude sandstone and extract the sand 

from it. 

To do this it will be necessary to break down the sandstone into 

sand, and in this operation care must be taken not to crush it so 
as to give a fine quartz powder, as the presence of very finely 

divided silica is a distinct disadvantage, and it would have to be 
removed by careful washing. As in this case the kaolin has to be 
removed by washing, forming a valuable bye-product which would 

compensate for some of the cost of “crushing,” it is desirable to 
obtain this kaolin in as pure a state as possible, and the presence 

in it of finely divided silica would much diminish its value. 

Although washing will remove the greater part of tlie kaolin, I 

have found it practically impossible to remove it completely by this 

means (20/970 and 20/980), and in addition to mj laboratory ex¬ 

periments on this point, Messrs. J. Walsh Walsh, Glass-Manufac¬ 

turers at Birmingham, England, were kind enough to wash, burn 

and sieve a small sample of this sand for me under working condi¬ 

tions, and the resulting sand still contains a small amount of kaolin 

(20/982 and 20/983). 

After “crushing” and washing, the sand is still much too coarse 

and unsorted to be used as it is, and it must be first sieved. 

Sieving with a No. 20 sieve (20 wires to 1 inch) yields a sand 

comparable in size with the Eoutaiuebleau sand (20/989) wliich is 
the purest and best sand known for the purposes of glass manu¬ 

facture. 

If the standard of quality of the glass required be somewhat re. 

laxed, a No. 16 sieve would yield a coarser sand wliich would be 

quite satisfactory for window glass and glass for the cheaper kind 
of tumblers and pressed ware, and for all but the highest quality 

glass (20979, 20/980, and 20/981). 
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A sample brought from Mangal Hat (20/978) was washed and 

sieved by me with the following results :— * 

Kaolin obtained ...... t 6«2 

Fine sand obtained from number 20 sieve . • . 40‘S 

CoAvaer sand obtained from number 16 sieve • . 330 

Waste very coarse sand ..... • . 20*0 

loo-o 

Although the sandstone is very false-bedded and alters in charac¬ 

ter within a few feet in the same quarry, nevertheless these figures 

may be taken as fairly representative for the amounts of sand ob¬ 

tained, because the samples containing much coarse material contain 

little kaolin, and those containing higher quantities of kaolin contain 
little or no coarse material. 

The fine sand so obtained (20/979) was tested by me and a 

potash-lead glass made from it (20/984). The glass obtained was 

of a very pale-green colour owing to the presence of a small quan¬ 
tity of iron in the sand ; but the conversion of the iron which exists 

in the ferrous state in the green glass, into the ferric state by the 

usual methods employed by the manufacturers, such as the addition 

of potassium nitrate to the “batch” (or mixture of raw materials 

before melting) in the case of a lead potash glass, would make the 

colouration due to the iron much less conspicuous since the colour 

resulting from iron in the ferric state is a pale yellow. 

In addition to this, however, the colour resulting from the pre¬ 

sence of iron is pale enough to come under manganese control, and 

an experimental glass made by me with tins object in view proved 

that it is possible to manufacture a perfectly clear high-class glass 

from tliis sand, suitable for the best cut and table glass (20/985 

and 20y986). 

The sand obtained from the coarser sieve would make excellent 

plate and window glass, and with less carefully selected materials 

would make a very good quality of medicine and soda water bottles. 

Still, the objections to this sand are, (J) that it requires crush¬ 

ing in order to be brought into a condition fit for use, and the 

crushed product would probably require to be washed to remove the 

fine dust, a process which leads to the loss of a serious percentage 

of the material; and (2)—a more serious disadvantage—that it con- 



195 PaJit S.] Stuakt : Rajmahai Sands, 

tains kaolin, whioh it is practically impossible to eliminate com¬ 

pletely. Each of*the.test glasses made by me from this particular 
sand had a top layer or scum of glass containing a large quantity 

of unvitrified opaque material, which seems to be practically china, 
occurring in the form of small isolated grains about ^rd of the size 
of the head of an ordinary pin (20/984, 20/986, and 20/986). 

Below this layer the glass was perfectly clear and good, and the 

absence of bubbles in the glass shows that the glass was well fused 
and that therefore this scum of glass containing opaque white grains 
has some other reason for its existence than defective or insufficient 

fusion. 

My experiments were conducted in a Fletcher’s Injector Gas Fur¬ 

nace at temperatures ranging between 1600° and 1700°F. The 

quantity of glass made was some 70 grammes, and the glass was 
kept fused for one hour, when the absence of bubbles showed that 
fusion had been complete. In the case of the glasses containing 

these white granular inclusions, I tried the effect of keeping the 

glass fused for another hour but it had no effect upon them. 

It is impossible to say definitely from small tests such as these 
what will be the effect of this kaolin under working conditions, and 

the question must be met and dealt with by the manufacturers 

themselves. 

I have studied these inclusions under the microscope, where they 

appear as a white opaque substance often including and com¬ 

pletely surrounding a small quartz grain which is quite isolated 

from the surrounding glass, and the assumption that they are china 

or pottery seems to be maintained (microscope slide No. 6422). 

For reasons concerning the stability of the glass and the neces¬ 

sity for it to be as little affected by water, alkalies and acids 

as is possible, it is out of the question to increase the alkali, or 

“flux,” in the mixture of raw materials; and therefore this method 

of dealing with the kaolin is impossible. 

Consequently I fear that this kaolin will prove a serious 

obstacle to the satisfactory manufacture of glass from this sand, 

and especially so in the case of the best “flint” glass which is 

mamifactured in “closed” pots with only a small opening to 
allow the glass to be gathered on the irons by the workmen, and 

consequently will not admit of the top layer being drawn or 

skimmed off. 
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It is worthy of note, however, that these inclusions of what will 

be practically china all rise to the top, and form a distinct layer 

or scuni, and that the “metal” underneath is perfectly clear and 

free from them. 

The place where these sandstones may be most conveniently ob¬ 

tained is at Manga! Hat, which is about one mile from Taljheri 

station on the East Indian Railway, to which there is a good me¬ 

talled road. After Mangal Hat the most convenient place to ob¬ 

tain this sandstone is at Pir Pahar. The occurance in the Hura 
and Chuperbhita Coalfields is far from any railway, the Hura field 

being some 27 miles by road from Pir Painti station on the East 

Indian Railway and the road bad, and the Chuperbhita Coalfield 

is still further from the railway. Also this sandstone as found 
to the west of the hills generally contains some white mica, which 

makes it of an inferior quality to that at Mangal Hat and Pir 
Pahar. 

The supply of these sandstones is practically unlinuted. 

Geological Consideration of the Damuda Sandstone. 

From my examination of the Damuda white kaolinitic sand¬ 

stone in this district 1 have come to the conclusion that the 

white, iron-free condition in which it now exists was not the con¬ 

dition in which it was originally deposited, but that it was origin¬ 

ally a ferruginous sandstone, and that the iron then present has 
been subsequently removed. 

The sandstone as it exists to-day is a white rock which occa¬ 

sionally becomes coarse and grit-like, and contains kaolin through¬ 
out. It is very false-bedded and on the west of the hills 
contains several beds of white clay. 

The kaolin exists in two forms in the sandstone, the one 

form being the decomposition product of felspar originally present 
in the rock. This is illustrated by the rock exposed at the eastern 

end of the Chuperbhita Coalfield, which contains kaolin and felspar 
both partially decomposed and undecomposed. The second form is 

that of inclusions of white clay deposited contemporaneously as 
such; these inclusions or fragments of clay range from quite 
small fragments up to others which are many cubic inches in 

volume, and their presence in the rock is due to a change of 

direction on the part of the depositing river or stream altering 
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the local conditions of deposition, cutting out in places the white 

clay beds and redepositing the fragments along with the sand. 

Occasionally, where a large expanse of this sandstone is exposed, 

it is seen that a bed of white sandstone passes laterally into rod 
ferruginous sandstone without any break or discontinuity in the 

particular bed. This is well seen on the west scarp of the hill 
situated between Lohuudia (25°.*!'; 87°27') and Simru (25° 2'; 

87°25'); but the evidence in favour of the view that there has 
been a segregation of iron, wliich was originally present in the 

rock, lies in the fact that wherever the top of the sandstone is 

seen it always consists of a dark-red very ferruginous sandstone 

containing in most cases distinct bands, much richer in iron than 

the sandstone itself, and obviously due to segregation (20/993 

and 20/996). Where the top of the sandstone is not seen, the 

surface of the white sandstone is often lamellated with thin bands of 

what is practically a hydrate of iron. 

This is well seen just to the south-west of Bora Ghat (25°1'5"; 

87°27'), where also there are many fossil plant stems in the sand¬ 

stone, all of which are preserved in this hydrate of iron (20/995). 
In many places, notably south of Bora Ghat and on the western 

side of the valley lying to the south of Simlong (24°45'; 87°30') 

this very ferruginous top layer shows a peculiar modification, and 

there is developed what may be termed sandstone laterite. This 

sandstone laterite is a very ferruginous sandstone which is con¬ 
siderably enriched in iron by segregation bands as mentioned 

above, and which has developed the lateritic structure of cavities 

and holes, and shows in some instances the characteristic pipe 

structure of laterite (20/992, 20/i)97, and 20/999). 
This sandstone laterite can be seen in all conditions ranging 

from very ferruginous sandstone, with iron segregation bands and 

very few cavities, to a rock indistinguishable from ordinary laterite, 

and this structure is due to accumulation of iron and not to 

disappearance of silica. 
The proof that this iron once extended right through the rock 

is seen in the low-lying range of white sandstone hills running 
north and south to the south-west of Bora Ghat, where, on the 

western face, very frequent spherical ferruginous segregations are 

scattered through the white sandstone. These segregations range 

in size from that of a golf ball to many inches in diameter 

(20/991). 
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LIST OF PLATES. 
Plate 7—Fia, 1. Microscopic section of the scum which forms 

on the top of glass made from the Mangal Hat 
sand, showing inclusions of china. 

Fig. 2, Fossil plant stem preserved in hydrate of iron 
in the Damuda white sandstone (20/995), Bora 
Ghat. 

Plate 8— Lamella) (1) of ferruginous segregations in 
Damuda white sandstone at Bora Ghat. 
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Three New Manganese-bearing Minerals :—Vreden- 
BURGiTE, Sitaparite, and Juddite. By L. L 
Fermor, A.R.S.M., B.Sc., F.G.S., Assistant Superin¬ 
tendent, Geological Survey of India. 

During the course of a survey of the Indian manganese-ore 

deposits several new varieties and species of minerals, 
mostly containing manganese, have been found. Concerning three of 

these—^hollandite^ (a manganate), blanfordite^ (a manganese pyroxene), 
and winchite® (a manganese amphibole)—notices have already been 

published. Further information about these three minerals is 

given in a forthcoming memoir on the manganese-ore deposits 

of India, In the same memoir accounts are also given of three 

more new minerals, to which the names vredenburgite, sitapa¬ 

rite and juddite have been assigned. Since, however, there is 

likely to be some delay before this work is issued, I have 

thought it well to publish the accounts of these minerals in 
this plaoe also, in order to prevent the confusion and inconve¬ 

nience that would arise should anyone find the same minerals 

elsewhere and give them different names to those 'I have chosen. 

Of these new minerals, vredenburgite and sitaparite are man. 

ganese-ores containing a considerable quantity of iron. They are 

probably to be classed with the group of intermediate oxides 

given on page 220 of the last edition of Dana’s Mineralogy, 
They are distinguished from all other manganese-ores by the fact 

that as seen in the sun they showed a distinct bronze tint, and 

from one another by the fact that vredenburgite is strongly 
magnetic and sitaparite only weakly so. 

The third mineral, juddite, is another manganese amphibole. 

It is distinct from winchite, and, although it has not yet been 

analysed, its extraordinary and beautiful pleochroism—comparable 

only to that of the manganese pyroxene, blanfordite, with which 

it is intimately associated—is considered sufficient to prove that it 

is a new variety of the amphibole group requiring a new name. 

^ Trannaciiona Min, Oed, Inst, Ind„ I., p. 76 (1906); Rec,, O, 8, 

XXXVI, p. 295 (1908). 

^ Trans, Min, Qeol, Inst, Ind,, I, p, 78, 

8 Rec, Q, 8. /„ XXXI, p, 236 (190^'; Tfans^ Min. Qed. InsU M., 
p,79 (19(W}V 
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!•—Vredenburgite. 

This mineral lias been found in two different parts of India, 
namely Beldongri in the Nagpur district, 

(Jiaracters and occul- Povinces, and Garividi in the 
rciice* . . 

Vizagapatam district, Madras. In colour 
the mineral is a dark steol-grey exhibiting a bronze tint, especi¬ 
ally in the sun. In fact it was this bronzy colour that fiT'st 

drew my attention to the mineral at Beldongri ; the difference in 

tint between this and the ordinary manganese-ore of the mine 

was most marked, the latter, composed of a mixture of braunite 

and psilomelame, being of a dark steel-grey to black colour, with 

sometimes a tinge of bluish. The lustre of the mineral is 

metallic, but not very bright, except on cleavage surfaces. The 
Garividi specimen shows a well-marked cleavage, the nature of 
which is not obvious, but which I would suggest is paralled 
either to the isometric octahedron or to the tetragonal pyramid 

according to whether the mineral be isometric or tetiagonaJ ; for 

it will probably be found to belong to one of these two systems 
if specimens ever be found showing recognizable faces. The 
streak of the mineral is a deep brownish black tending to a 

deep chocolate. Its hardness is about 0*5. The most interesting 
feature of the mineral, however, is its magnetism, for it seems 

to be just as strongly magnetic as ordinary magnetite; and, 
indeed, any one picking up a piece of it and testing it with 

a magnet would say at once that it was magnetite. That this 
would be incorrect is shown by the fact that the mineral (contains 

a high percentage of manganese; in fact, about twice as much 

of this element as of iron. The mineral is, further, distinct¬ 
ly polar, and pieces can be broken off, one end of wliich 
will attract one pole of a balanced magnetic tumhIIb and repel 

the other. The coarsely crystallized Garividi specimen is more 

suitable for this test than the more finely crystalline ore from 

Beldongri, the latter being of the nature of an aggregate in 
which the polarity of one individual may neutralize tliat of 

another. 
The Beldongri specimen was found as a thin band, one inch 

in thickness, intercalated with the other ores in the south¬ 

east comer of the quarry. This ore is moderately coarsely 
crystalline, as compared with the usual manganese-ores of this 
part of India, the individual grain averaging -k to | inch 
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across. This crystalline aggregate is very compact, and in parts 
the magnetic mineral tends to get mixed with a little psilome- 
lane. A piece, apparently free from this latter impurity and having 
a specific gravity of 4’74, was selected for analysis, the latter 
being carried out at the Imperial Institute. The other specimen 
was obtained from amongst the heaps of ore from the Garividi 
deposit stacked ready for despatch at the station of the same 
name. In contrast to the Beldongri specimen this is very coarsely 
crystalline, a piece about three inches in length consisting of only 
three individuals interlocking one with the other in a sort of 
poikilitic way. One of these individuals is two inches long. 
The Garividi specimen, moreover, does not contain any other 
admixed mineral. The piece of it chosen for analysis has a 
specific gravity of 4-84, which is somewhat higher than that 
of the Beldongri specimen. This may mean that there was a 
little admixed psilomelanc in the Beldongri ore, although the 
way in which the analysis works out to a definite formula 
does not support this supposition. The slight difference in specific 

gravity may be due to slight differences 
Chemical composition, in the impurities that each of the spe¬ 

cimens probably contain. The Garividi 
specimen was analysed by Messrs J. & H. S. Pattinson of 
Ne wcast le-on - Ty ne. 

The two analyses are given side by side below 

Sped men No. 1080. Specimf'ii No, 

(Beldongri.) (Garividi.) 

Manpmoao peroxide (MnO,,) 23 07 . 24*94 

Manganoso protoxide (MuO) 38-24 • . 38•53 

Ferric oxide (FogO.^) . 2S-85 • . 31 29 

Alumina (AlgO;j) 1-.32 • , 2*10 

Baryta (BuO) 1-30 • . 0*03 

Lime (CaO) j-r>3 • 0*90 

Magnesia (MgO) . 0-99 • 1*20 
Potash (K3O) . • » • * • 0-06 

Sodik (Na2t)) • • « * • . 0*14 

Combined silica (SiOg) 0-91 • 0*20 
Free silica (SiO^) . 0-80 • Nil 

Sulphur .... • • • • t . 0*03 

Phosphoric oxide (PgOg) . 1 -07 • . 0*03 

Arsenic oxide (AS3O5) • . 0-01 • . Nil 

Cobaltous oxide (CoO) » • • • 9 • . 0*05 

A MG, 
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Nickeloua oxide (NiO) • • • # . Nil 
Cupric oxide (CuO) • • • • . 0-03 

Load oxide (PbO) • ♦ • # . Na 
Zino oxide (ZnO) • • • • . Nil. 
Titanic oxide (TiOg) . • • • • . 0*14 

Chlorine and fluorine • • • • . NU 
Combined water 1*32 . 0*30 
Moisture at 100°C 0-18 . 0*20 

Carbon dioxide (COg) 0-09 Nil 

100*34 100*17 

Manganese . 44*62 . 45*62 

Iron .... . 20*19 . 21»10 
Silica (total) 1*77 0*20 
Phosphorus . • 0*47 0*02 

Specific gravity 4*74 4*84 

It is evident from the foregoing analyses that those two specimens 
represent one and the same mineral composed practically entirely 
of oxides of manganese and iron ; all the other constituents 
being present in insignificant proportions may be regarded as 
impurities. The question is then to calculate from these two 
analyses the formula cf the mineral. 

I will first consider the mineralogical composition of the 
Beldongri specimen. Tf the combined silica shown in the 
analyses bo really in this condition then it will probably be 
as braunite.^ On tliis assumption the analysis can be ro-stated 
as follows:— 

Apatite 2*47 
Caleite 0-20 

Braunite 9*12 
Hausmannito . » . 53-82 

Hematite . 28*85 
Impurities— 

Alumina . 1*32 
Baryta 1-30 
Lime 0*0S> 
Magnesia . 0*99 
Combined water 1*32 

1 A^symed to hare the formula SMn^ O3. Mn Si 0^. 
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Quartz .... 0*86 

Arsenii; oxide . . - O'01 
Moisture . . . . O'18 

100-46 

Subtract oxygen assnincd .0*12 : 

100 •;u 

On the supposition that the combined silica is present 

brauiiite there is no alternative to the above interpretation of tlie 

analysis ; for the Mn^^ and Fc^Ojj are not then present in 

any simple molecular proportion. Hut in accordance with this 

interpretation tliere should be three constituents easily’ visible in 

the haiid-specinicii, naiuely, braunite, hausmaunite, and hematite. 

Kxamijiation of the specimen, however, does hot reveal the pre¬ 

sence of more than one constituent. If, on the other liaiid, we 

assume that the combined silica is in combination with some 

of the. imjuirities, then the analysis can be stated as follows :— 

A]>atito . • 2-47 
Calcito . • 0-20 
Mn,0^ . • • r»i -iw 

Fo./)., t . • • 2S ■ Sfi 

Jm])urities • « .■)*S6 

Quart/ • osi; 
ASgO- « • 0-01 
MciisUirc • • o-is 

100-so 
Subtract oxygen assumed 0*02 

100-3! 

Now the Mn^O, and Fe^Og arc present in the molecular pro- 

porlioTis of 3 to 2 as sliown below :— 

61'93 
•09013 •2701 =: 3 X 

229 “ 

2S-85_ 
•1803 —- 2 X •09015 

160, ” 

F 
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Hence we can suppose that they form a mineral of the 

composition 3Mng0j.2Fe,03, rather than a mixture of hausmannite 

and hematite. 

Taking now the case of the Garividi analysis, all the con¬ 
stituents may bo jegarded as impurities accidentally picked up 

during the formation of the mineral, except the oxides of 

manganese and iron, to wliich, as in the case of the Beldongri 

specimen, wc will confine our attention. The oxides of man¬ 

ganese given in the analysis on page 201 correspond to:— 

Manganoso . • « 45*61 

Oxygon • . . 17'86 

Now 45'()1 mangaiieso requires 17 *70 oxygen for the formation 
of MiigOp so that here also it seems almost certain that the 
manganese is present in the form of the proto-sesquioxide. 

Again the question arises as to whether this Mn.^0^ is to be 

regarded as hausmannite in mc(jhaniciil admixture with the Fe^Oo 

in the form of hematite, or whether the oxides of manganese and 
iron are in combination as some definite molecule with a definite 

molecular formula. Calculation shows that the relation between 

the Mn.,0. and the Fc.,0., is not so exact as in the case of 

the Beldongri specimen. Neglecting all the constituents except 

the oxides of manganese and iron the composition of the mineral 

is 

Mn.p^ . 63-31 

Fo.,Oy . 31-29 

Surplus oxygen , • 0*16 

94-76 

Now to satisfy of the formula 3Mn.jO^. 2Fe20g, 63*31 Mn^O^ 

requires 2f)‘49 Fc^O^, whilst 31*29 is available; that is, there is a 
surplus of 1-80 Fe^Og. This is not excessive and may be 

taken as showing that the Garividi specimen has the same for¬ 
mula as the Beldongri specimen, the extra Fe^Og being regarded 

as a further portion of the impurities. 

On the evidence of the foregoing calculations it might then 

be considered as fairly certain that the forn^ula of this mineral 
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is really 3Mng0^.2Fe20j^. At first sight, however, there might 

seem to be an objection to this formula in the fact that the 

mineral is so strongly magnetic that the iron must be supposed 
to be present as Fe^O^ rather than as Fe^O^. But this is not a 
real objection, because there are several minerals exhibiting mag¬ 
netic properties—usually it is true to a much smaller degree than 
magnetite—that do • not contain their iron in the form of Fe^O^. 
Thus pyrrhotite or magnetic pyrites, a sulphide of the formula 
Fe^^S^g, is often strongly magnetic. Ilmenite is often slightly 
magnetic. Its formula may be written either as FeTiO^, as 

(Pe,Ti)^03, or as mFeTiOj,. «Fc^O„. Whichever interpretation be 
the correct one it is seen that the iron is in the form of either 
FeO or Fe^O^. Since hematite (Fe^O^) is usually non-magnetic 

it seems as if the magnetism of ilmenite must be due to the 
presence in it of titanium and not iron. In the same way all 
the Indian braunites are more or less magnetic. Although the 
formula of braunite is open to some doubt, as shown in the 

forthcoming memoir, yet no interpretation of it shows the pre¬ 
sence of an group. Now the Indian braunites usually 
contain an appreciable proportion of iron replacing a part of the 
manganese. Such iron must, therefore, he in the form either 

of Fe^^Oj^ or, less likely, of FeO. It so happens, however, that 

some braunites are very low in their iron percentage, and yet are 
still magnetic. Hence we must suppose that, as in the case of 
the ilmenite the magnetic properties of the mineral are due to 
the titanium rather than to the iron, so in the case of braunite 

the magnetism is due to the manganese rather than to the iron. 
Hence in the case of the mineral under consideration it docs 
not necessarily follow that its magnetic properties are due to 

the iron, even though it is present in large amount. The man¬ 
ganese may be the cause of the magnetism; but considering the 
strength of this property it seems more probable that the iron 

has something to do with the magnetism. It may be that this 
particular proportion of manganese and iron oxides gives rise to 
the magnetism. It will bo seen from the foregoing that even 
if the magnetism be entirely due to the presence of the iron it 
does not follow that it is present in the form of Fe.^0^. It 

will be interesting, however, to see if the analysis can be in¬ 
terpreted on the supposition that the iron is present in the 
Fe^O^ condition. 
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If in each of the analyses the iron be supposed to be present in 

the form of and the manganese in the form of 

then t;he amounts of these oxides work out as follows :— 

Boldongri. Garividi. 

MnjO, 04-08 65-51 

FoA 27-89 30-25 

• P • 91-97 96-76 

Subtract 0 assumed 1 21 1-00 

90-7(i 04-76 

With this arrangement the formula works out as corre¬ 

sponding in both ('ascs very closely to 10Mn^O.^..‘}Fo.Pi. Since 

however, the error in the oxygen is on this interpretation so 
large, it would be bettei to su])pose that the manganese is not 

all in the form of but that a portion of it is in the 
R^O, group isonior])hously re|)lacing a portion of the iron. On 

this Huppositioii, and using the oxygen, manganese, and iron, as 
actually determined as the b^^sis of oalculatioTi, tlie compf)sitioi( 

works out as follows ;— 

Rcldongri. Garividi 

Mn.jO., 28-23 35 • 89 
34 • 64 28 • 02 

Fe.b. 27 89 30-25 

DO-70 94-70 

The molecular proportions rf the three oxides tlion work on' 

as follows:— 

Holdongri 

MrigO.^ , . *1787 - 2 X -0893 
Mn,()j . . = ’JSDlv 

C-2715 = 3 X -0905 
re.C\ . . = *1202) 

Guri\ idi. 

Mn,0. . . = *2271 - 7 x ‘0324 

MnX • • = 
i *2553 8 X -OSiO 

Fe .04 . . = -1304) 

Tlu se correspond respectively to the fonnuhe ;— 

Bcldongri . 2Mn20.(. ‘){Mn,Fe),04 

Garividi . . 7Mn^(J.(. 8(Mn,Fo).jO^ 
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We have thus arrived at the following albornative formulae 

Garividi 

3Mn.j0,j.2Fe20.j 

10Miio0...3Fo..O. 
M O O *9 

7Mn.,0^.8(Mn,Fo).j04 

Boldongri. 

l()Mn20.j.3Fe.j04 

2Mn20.^. 3(Mn, Fo),iO ^ 

Of these formulae the simplest is the first, tc which the analyses 

correspond more nearly than to any other, if a little of the 
iron bo regarded as impurity in the Garividi specimen. The 
second is the least probable iiiterju'ctation as it is i.lien neci‘,s- 

sary to assume errors of I’(>0 and. 1‘21, respectively, in the 

determination of the oxygen. Wliiche.ver be the correct formula 

there is no doubt that this mineral is a now mineral 8]>ccies. I 

propose to call it vredmhirqite after my colleague Mr. E. W. 
Vredenburg, under whom I S])ciit my first field season in India 

and first came in contact with deposits of manganese-ore. Its 
main interest lies in its combination of strongly magnetic (diar- 

acters with a high percentage of manganese. In conscqiienc.e of 

the former T)roperty it is liable to be mistaken for magnetite 
if—as is 07dy natural, considering that up to the ^u’esciit the 

only black strongly magnetic mineral ^ tliat has been recognized 

is magnetite—its chemical character bo not determined ; whilst, 

on account of its well-marked cleavage aud the fact that it is 

found in manganese deposits, it is liable to ho mistaken for 

braunitc, unless its magnetic cliaracters l)e examined. The fact 

that it dissolves up practically comj)letcly in acid, without leavhig 

a residue of silica, serves to distijTguish it from braunitc ; so 

also does its duller lustre on cleavage surfuc-es and its curious 

bronzy lustre in the sun. Otherwise, in hardness, cleavage, mid 
specific gravity, there is a remarkable similarity between these 

two minerals. 

2.—Sitaparite. 

At Sitapar in the Clihindwara district, Central Provinces, there 

occurs amongst the interesting association of minerals forming the 
ores of this place a dark l)ronze-colourcd mineral that looks \cry 

like the one I have called vredenburgitc. It is, however, dis¬ 

tinguished from the latter by tlie fact that it is only slightly 

magnetic, vredenburgite being about as magnetic as magnetite. 

^ Excluding native eloTn<*nls. 
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The actual colour of the mineral may be described as dark 

bronze-grey, the bronze tint being 
Characters. especially well seen in the sun. It 

is, moreover, sufficiently well marked for the mineral to be at 

once distinguished from its associates in the ores in which it occurs. The 

streak is black, the lustre metallic. The mineral is brittle and 

tends to break along almost perfect cleavage planes, which may 

be octahedral. The hardness of the mineral is about the same 

as that of quartz. The specific gravity seems to be somewhat 
variable, three pieces showing values for this constant of 4'93, 

4'i)9, and the mean value being 5*00. An analysis of this 

mineral was made by Mr. T. R. Blyth, of the Geological Survey 

of India, on a piece having a speci- 

Chcmical coinimsition. fic gravity of 4*9:3. The result is as 

follows:— 

S'pecimen No. 843 A. 

Manganese peroxide . 36*79 

Manganese protoxide . 26*89 

Ferric oxide . 27-60 

Alumina . 1-02 

B.iryta 0*10 

Lime . 6*14 

Magnesia . 1*02 

Silica . 1*17 

Moisture at lOO'^ C . 0*09 

100*82 

Manganese . 44*09 

Iron . . 1932 

SiHJcifie gravity . . 4*93 

Below are compared the figures for the oxides of manganese 

and iron, and metallic manganese and iron, with those for the 

two specimens of vredciiburgite of which the full analyses are 

given on page 201 

Beldongri. Garividi. Sitapar. 
MnOj 2:j-67 24-94 36*79 

MnO 38-24 38*63 26*89 

FeoO.j 2.S-86 31*29 27*60 

90*70 94*76 91*28 

Manganese . • ^4*62 45-62 44-09 

Iron 20-19 21-90 19-32 
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It will be seen that there is a striking resemblance between 

the SitapSr mineral and the two specimens of vredenburgite, 
particularly in the amounts of ferric oxide, manganese and 

iron. The difference between the two minerals lies, however, in 

the state of oxidation of the manganese. Whilst vredenburgite 

contains considerably more MnO than MnO^, the relative 

amounts of these two oxides are reversed in the Sitapar mineral. 

Consequently the Sitapdr mineral cannot be made to conform to 
the formula of vredenburgite. In the case of vredenburgite I 

regarded the constituents other than the above as impurities, 

because none of them was present in any important (piantity, 

nor had any important effect on the formula. Their total amount 

was, however, not so small, being about 9 per cent, in the 

Beldongri specimen and 5 per cent, in the Garividi specimen. 
In the present case one of the constituents other tlian oxides 

of manganese and iron is present in sufficient quantity for it 

to be necessary to take it into account in calculating the for¬ 

mula. This is the lime ; and in investigating the significance of 

this constituent in the formula, I have grouped with it the 
oxides of barium and magnesium. Below I give the figures for 

the molecular ratio of each constituent:— 

MnOg == 
36*79 

87 
= 0-4230 = 10 X -0423 

MnO = 
26-89 

71 
— 0-3787 9 X

 
• o
 

*♦»
 

Fe.iOj = 
w u 

27-60 0-1726 — 4 X '0431 
160 

CttO = 
6-14 

56 
0-1096 

MgO =: 
1-02 

0 0263 = 0-1356 =: 3 X ‘0452 
7b"*‘36 

BixO = 
010 

MW 0-0006 
15.S-4 

SiO. = 0’0104 
60-4 

= X ‘0485 
5 

In the last line I have also given the molecular ratio for the 

silica, to show that it is present in too small a quantity to be taken 
into account in working out the formula of the mineral. It will 

be seen, however, that the CaO, MgO'and EaO taken together are 
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molccularly nearly as important as the ferric oxide. According to 

the above the formula is as follows ;— 

lOMnO3.9MnO.4Fe,0^.;3(Ca,Mg,Ba)0. 

Leaving out the MgO and BaO and grouping together the oxides 

of manganese tliLs can be stated more simply as follows :— 

9Mn,0,.4Fc.,0,.Mn0,.3Ca0. 

From this it might be thought that the mineral is only to be 
regarded as a variety of tlui very ran^ sort of l)raunite having 

the sim])lc formula in which a portion of the iiuingancse 

is replaced by iron, the one molecule of MnO, and the three 
of CaO l)eing impurities. Tho quantity of the latter seems to 

me to be too large to bo treated as an impurity, especially 

as the specimen analysed was a 2}0]lion of one crystal only and 

was aj)parently quite jnire and free from adventitious matter. 

Apart from the presence of tlie lime and excess MnO,, the 

bronze tint of the mineral is suflicitiut to show that the mineral 
is not a variety of any sort of bra,unite ; for the latter usually 
])o.sses.ses a rich black colour, and is. moreover, |)r(*.sent in the 

same ore, as a mineral of very dilTcnuit a]>]^carancc. Another 

alternative is to regard t he iron as being jirescnt in tlie form of 

Fe.^Op Under this sup])osition the formula of tluj mineral works 

out as bMa.t lFcjj()|.l2Mn().,.oUMO. It d()es not, eA oii in this 

form, show any ch^se relationship in formula to any other 
jriineral. Hence it seems better to acc(q)t the simpler formula 

9Mn./),ylFe.,(),^.MnO.,.3(^aO, as the bc^st exjirossiou of the com|)osition 

of this mineral, and to regard it as a now species. As the locality 

where it is found contains such a number of interesting minerals 
1 think this miiuu’al caji be most ajjpropriately called siiajxirile} 

1 do not at present know wliat is the meaning of the variable 

specific gravity noted above. It may co7Tespojid to a variation 

in the composition of the mineral in which one constituent is 
replaced by another without altering the general formula of the 

mineral. Further Avork on ilic mineral, Avhen a larger number 
of specimens have been analysed, may result in a modification 

of the formula of the mineral as given above, but it will not alter 

^ To be pronounced with fho accent on the third syJIable, in which the 

a * is like the ‘ j, * in ‘ park The * i * in ‘ iSita ^ is pronounced like ‘ ee.’ 
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the fact that the mineral has an individuality that enables it to be 

distinguished from all other manganese minerals. The only two 

minerals to which it boars any resemblance arc manganmagiietite 

and vTcdenburgite. It is distinguished from the former by its 
bronze tint and weak magnetism; and from the latter which it 
resembles in its bronze tint, by its weak magnetism. 

The other minerals found at Silapar are hollandite, brau- 

nite, a manganchlorite (?), and an arsenate (with phosphate) 
not yet worked out. The chief ore obtained from this deposit 
consists, as seen in t-he sun, oi beautiful sparkling silver-grey 
prismatic hollandite with spots, patches and bands of bronze- 

coloured sitaparite. Some thousands of tons of such ore have 

been despatched to the market. 

3.- Juddite. 

Associated with the blanforditc of Kncjharwahi in the Nagpur 

district there is a inanganiferous amjdiibolc with a pleochroism 

analogous to that of the blanforditc with which it is associated; 
but it is, if possible, still more beautiful. The tints scien in a 
microscope slide, showing a considerable number of sections of 

tlie mineral, consist of various sliades of rose, carmine, lilac, 
]»urpli;, blue, green, orange and orange-pink. These tints are 

often very delicate and their great v^aricty is doubtless due to 
the combination of the colours corresj)onding to the different axes 

in different proj>ortious in different sections. As crystals of the 

mineral have not yet been isolated, it is difficult to say which 

})articular sections show the unadulterated axis-colours. But 1 

thijik the following is somewhere near the. true pleochroism 
scheme :— 

a=carmine, 
|]=bluc with a lilac tinge, to pale green with a lilac 

tinge, 

C=orange or pinkish orange. 

It will be seen that the colours corresponding to the a and b 
axes are somewhat similar to those of winchite ; but the £ axis 

colour is quite different. The extinction angle seems to have 

a maximum value of about 30° in sections showing the n and 
b axis colours. tSome of the sections showing carmine and 

shades of green are at right angles to an optic axis, and from 
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the brushes obtained in these sections it seems that the mineral 

is positive, so that £ is the acute bisectrix. I did not succeed 

in finding a section accurately at right angles to this bisectrix, 

but one, not very good, figure that approached this position 

seemed to show crossed dispersion, as one would expect if b—C, 

One section showing orange and green tints and hence at right 

angles to the n axis was apparently also at right angles to the 

obtuse bisectrix, this also pointing to the positive character 

of the mineral. In a basal section showing the Characteristic 

cross-cleavages of ampliibole, the colour corresponding to the 

long axis of the cleavage rhombs is pinkish orange to reddish 

orange (c), and that to the short axis is rich violet, the latter 

colour being compounded of the and b axis colours. It seems 

probable that the mineral is monoclinic and that the £ axis 

coincides exactly with tlie b crystallographic axis, and that the 

it and b axes lie in the plane of syrmnetry. But certain anoma¬ 

lies in the behaviour of the mineral suggest the possibility that 

the mineral may be triclinic, approximating closely to monoclinic 

in the axial angles. This point cannot be settled at present. 
Hence wc can say provisionally that this mineral is positive, 

has its optic axial plane at right angles to the plane of sym¬ 

metry of the mineral, and shows a pleochroism not shown 

by any other amphibole yet described. The position of the 
optic axial plane is interesting because with rare exceptions the 

optic axial plane and plane of symmetry in the members of 

the amphibole group arc coincident. The only two exceptions 

to this rule mentioned by Iddings in liis ‘Rock Minerals’ (p. 345) 

arc crossite from California and a blue amphibole from Viezzeua 

Thai. 
It is not yet possible to give any details as to the 

macroscopic or chemical characters of the mineral, because it has 

not yet been distinguished in hand-specimens from the blanford- 

ite with which it is associated. But the optical characters of 
the mineral leave no doubt that it is a new variety of the 

amphibole group; I propose to name it juddite in honour of 
Professor J. W. Judd, F.R.S., and as a respectful tribute 

from a former student. It gives me special pleasure to be able 

to associate the names of Professor Judd and the late Dr. W. T. 

Blanford with two subh beautiful minerals as the amphibole 

and pyroxene found in thf& Kacharwahi rock. 
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Report on Laterites from the Central Provinces. 

By Professor Wyndham R. Dunstan, M.A., LL.D., 
F.R.S., Director, Imperial Institute. 

TN a letter dated the 2nd February 1905 the Officiating 

Reporter on Economic Products to the Government of India 
forwarded to the Imperial Institute copies of communications 

from the Director of the Geological Survey of India, on the 

subject of the exploitation of the laterite deposits in the Central 

Provinces, and requested that six specimens of laterites sup¬ 

plied by the Geological Survey should be examined. 

The investigation of the laterite deposits of India was com¬ 

menced by the Geological Survey in 1003, and, as some of 
the specimens collected during 1903-1004 were found to contain 

high perc,entagcs of free alumina, proposals were made to the 

Governmeut of India (1) that certain promising deposits of 

laterite which were being quarried for road metal should be 
protected; (2) that the information obtained up to th^it date 

should be published for the information of those likely to under¬ 

take more detailed prospecting operations; and (3) that large 
specimens should be sent to the Imperial Institute for report 

and for exhibition. 

The Government of Inditi having sanctioned these proposals 

in December 1904, large samples of the most promising exposures 

of laterites were collected and the first instalment of these was 

forwarded to the Imperial Institute in February 1905. These 
samples are dealt with in the present report. 

The observations of the Geological Survey had shown that 
an enormous quantity of highly aluminous laterites would be 

obtainable by simple quarrying in parts of the Central Provinces, 

but it appeared that the low value of the bauxite in European 

and American ports would not cover the cost of mining and 

transporting this material. 

It was thought, however, that if the extraction of alumina 

could be carried out on the spot the purified oxide would com¬ 
mand a price which would meet th^^ransport charges either for 

export or for the manufacture of alu^P^ium or its compounds in 

India. 
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The question of the profitable extraction of pure alumina in 
India is referred to below. 

Description of samples. 

Specimen No. 1 Wrj., Warjhori, 2 miles S.S.W. of Rupjhar, 
Baihir tahsil, Balaghat district, Central Provinces. 

Tliis sj)eciinou consisted of a large block of laterite weighing 
over one hundredweight. Its colour varied from whitish or 
light yellow to red, the distribution of the more ferruginous 
material giving it a mottled to pisolitic appearance. C'ellular 
cavities occurred, some of which contained colourless crystals. 

Specimen No, 2 Rjp,, mile E.N.B. of Rupjhar, Baihir 
tahsil, Balaghat district, Central Provinces. 

The specimen consisted of a large block of laterite weighing 
over one hundredweight. Tt had a pisolitic or mottled appearance, 
and varied in colour from light yellow to dull red. Minute 
crystals of various other minerals were present. 

Specimen No, 3 Rjp., mile E.N'. R. of Rupjhar, Baihir 
tahsil, Biilaghat district, Central Provinces. 

The specimen consisted of one block of laterite weighing 
about half a hundredweight. Most of the material was of very 
light colour, compact, and had a distinctly jjisolitic structure. 
Small crystals of other minerals were present. 

Specimen No, 4 Wrj., Warjhori, 2 miles S.S.W. of Jtiipjliar, 
Baihir tahsil, Balaghat district. Central Provijices. 

The specimen consisted of one block of laterite weigliing 
about 20 pounds. It was light yellow with dark rtid ferruginous 
segregations. The specimen was fairly compact and amorphous, 
but showed colourless crystals in the cavities of the mineral. 

Specimen No, 5 Snir„ West side of scarp, north of Samnapui-, 
Baihir tahsil, Balaghat district, Central Provinces. 

The specimen consisted of a block of laterite weighing 
aboYit 40 pounds. It was minutely pisolitic and of a light terra¬ 
cotta colour. 

Specimen No, 6 Smr., West side of scarp, north of Samnapur, 
Baihir tahsil, Balaghat district, Central Provinces. 

The specimen consisted of a block of laterite weighing about 
20 pounds. It was compact and of nearly uniform terra-cotta 
colour. 
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These samples have been examined in the Scientific and 

Technical Department of the Imperial Institute and have fur¬ 

nished the following results. No attempt has been made to 

estimate traces of rare elements, which are generally present in 

residual minerals of this description:— 

No. 1. No. 2. No. 3. No. 4. No. 6. No. 6. 

Alumimum oxide, AI2O3 . 53*r)2 5G-(J3 58-83 54*95 54 12 52-14 

Ferric oxide, Fe203 . 10-58 5-34 2*70 4*06 7 *55 

Manganous oxide, MnO • • truce 
• 

• • trueo trace trace 

Magnesium oxide, MgO 0-Gl « « • • • • 0*33 • • 

TiOinium oxide, T1O2. (i*22 7*02 10-2^ 13-.70 11 *82 M 06 

Silica, Si02 1*8:* 2*05 ()*.58 o*:j7 1 -54 OGO 

l*o()ish. K2O o*:*() 0*12 0-12 0-00 0*07 0*13 

Soda, NmoO 0*80 o-:*o 0*13 0‘:*G 0-14 0*21 

C^nnhined water . , 24-04 27-14 20-80 22-7G 20*87 27-09 

Moisture 0-01 0-8G 0*40 1*14 0*05 0-71 

The analyses of these latcrites from Balaghat show percent¬ 

ages of alumina varying from 52 to nearly 50, calculated on 

the samples as received. By calcination the water would be 

driven off and the percentages of alumina would then be in¬ 

creased to the following figures :— 

No. 1. 
1 
1 1 

' No. 2. 

1 

No. 
( 

1 

No. 4. 

1 

No. 5. 1 
1 

1 

' No. 6. 

Al203 .... 71-2 ' 
1 

1 

78*0 I 80*8 72*2 74-7 i 
1 

72*2 

Previous analyses of laterites from the EaJaghat district are 

referred to in Sir Thomas Holland’s letter and in the “ Records of 

the Geological Survey of India,” Vol. XXXIT, page 171). The 
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following figures may be quoted for comparison with the 

preceding table :— 

Rupjhar, 
BalaghatDistrict. 

Samnapur, 
Balaghat District. 

Aluminium oxide, AI2OS .... 51-62 64*20 
Ferric oxide, F02O8 ..... 5-52 4*02 
Calcium oxide, CaO ..... 5*25 • • 

Magnesium oxide, MgO ..... • 9 • » 

Titanium oxide, TiOg ..... 7*61 12*21 

Siliea, S1O2 ....... 0 05 1*65 
Water. H2O ....... 

% 

30*72 27*9;* 

Subsequently in a letter of the 25th February 1905, Sir Thomas 

Holland referred to tlie large percentage of titanic oxide found in 

these laterites. The results obtained at the rmperial Institute 

show percentages of this oxide corresponding generally to those 

previously recorded, and there is no reason to doubt that titanic 

acid does exist in these large quantities in the laterites. With 

reference to the presence of rare elements in the laterites it may 

be mentioned that the powdered sample from Katni, whicli was 

received subsequently to the specimens from the Balaghat dis¬ 

trict, is being subjected to a complete examination for these 

constituents. The results of the analysis of this specimen will bo 

forwarded at a later date. 

These laterites from Balaghat compare very favourably with 

the bauxites placed on the English market. A series of specimens 

of the bauxites of commerce recently received at the Imperial 

Institute were found to have the following composition:— 

t 1 Com- 
AI2O3 FC2O3 Si02 T1O2 

1 

bined 
water. 

Moisture. 

Irish bauxite from Co. ' 42 J3 1 ft 21 Ift 
Antrim .... 

1 
1 

Gibbsitc (from Arkansas) . 
White bauxite from the 

j .54 3 9 2 2fi 1 4 

South of France 
Bed bauxite from the South 

63 3 9 4 16 
1 

5 

of France 
1 

57 21 3 2 12 5 



Part 2.] Diinstan : Lateriies from the Central Provinces, 217 

In the Indian latorites the percentage of silica is low in 
comparison with the above figures. This feature is of great ad¬ 
vantage in the extraction of alumina by Bayer’s process as will 
be shown later in this report. 

The chemical properties of the laterites may be stated briefly 
as follows. The powdered material is readily attacked by dilute 
sulphuric acid leaving a residue containing most of the silica 
and part of the titanium oxide. As the solution contains the 
greater part of the iron, this method could not be utilised for 
the manufacture of aluminium sulphate. The finely ground 
mineral is also readily attacked b]^ a solution of caustic soda or 
potash. The insoluble residue in this case contains the whole of 
the ferric and titanic oxides. After calcination the mineral is 
still soluble in caustic alkali though not quite so readily. 

The (jommercinl method of extracting alumina from bauxite 
for the ultimate manufacture of aluminium formerly consisted in 
calcining it with a mixture of caustic soda and sodium carbonate. 
The cooled mass when extracted with water gave a solution of 
sodium aluminate from which the alumina was precipitated by 
passing in a current of carbon dioxide. ' 

C. J. Bayer’s modification of the process (Eng. Pat. 10093, 
July 13th, 1887) consisted in the precipitation of aluminium 
hydroxide without carbonating the lye. The solution of sodium 
aluminate formed by extracting tlie above-mentioned melt ” 
with water is very unstable, and, if simply agitated or allowed 
to stand, aluminium hydroxide separates and the separation 
continues until the proportion of Al^O^^ to Na.,0 is 1 : 6. If 
the proportion of Al^O^^ to Na.,0 in the original solution is 1 : 2 
a permanent solution is obtained, and 2>^'t-f'ipitation does not take 
place unless precipitated aluminium liydroxide is introduced or 
formed by passing in a little carbon dioxide, when the action 
proceeds until the 1 : 6 stage is reached. 

On a commercial scale the precij)itatioi] takes place in a series 
of iron cylinders each 2>r(>vided with a number of helical blades 
for agitating the liquid. The toj) of the first cjdinder is con¬ 
nected b)^ a 2)ipe with the bottom of the next and so on. In 
starting the operatic n aluminium hydroxide is placed in the 
first cylinder and the sodium aluminate solution is passed 
through in a constant stream 
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A further advance was made by C. J. Bayer fEng. Pat. 5296, 

March 17th, 1892) by utilising the mother liquor containing 1 

molecule of Al^Oj^ to 6 molecules of Na^O from the process 

above described, for the direct solution of the alumina in baux¬ 

ite. The mother liquor is concentrated to about 77° to 88° Tw., 

fresh quantities of finely ground bauxite are introduced, and the 

liquid is then heated to about 160° to 170° C. in closed 

vessels, the pressure developed being 3 to 4 atmospheres. The 

materials are used in such proportions as to produce a solution 

containing 1 molecule of alumina to about 1*8 of sodium oxide. 

The solution is then treated as before in the precipitating tanks. 

When silica is present in the bauxite the lyes gradually be¬ 

come exhausted and numerous patents have been talcen out for 

processes designed to eliminate silica or prevent its solution. Many 

of these appear to be of doubtful utility. Bayer’s method con¬ 

sisted in carbonating the lye anrl recrystal lisiirg the sodimn 

carbonate formed, whicli was then rendered caustic again in the 
usual manner. 

Aluminium hydroxide prepared by the method a])ove de¬ 

scribed is often known as “crystalline” hydrated alumina and is 

in a condition in which it can easily be filtered and waslied. 

These two operations are generally carried out in centrifugal 
machines. 

For the manufacture of aluminium by the electro-metallurgical 
process complete dehydration of the hydroxide is necessary, and 

for this purpose several special furnac.es have been devised for 

calcining the hydrated alumina at a high temperature. 

One used l)y the Societe Metallurgique Fran(;aisc (Fr. Pat. 
364736, March 29th, 1906) consists of a series of ovens divided 

into liorizontal chambers, which are worked in succession. The 

principle on wliich the ovens are constnuited is that the hy¬ 

drated alumina, which is spread out in thin layers, remains 

stationary while the zone of combustion is yirogressively moved 

forward as the contents of each chamber become completely 
calcined. I’lie furnaces are fired with gas. 

In applying any of these processes to the Indian laterites 

many of the details would have to be w<^rked out experimentally 
on the spot. 

An electro-metallurgical process of obtaining pure alumina 

for the manufacture of aluminium has been patented by C. M. 
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Hall, Niagara Falls, United States of America, English Patent 

14572, 14th August 1900. In this process the bauxite is mixed 

with a small proportion of carbon and is then calcined. Sufficient 

carbon is afterwards added to bring the proportion up to 8 or 

10 per cent. ; a quantity of aluminium powder is also added 

in stated proportion to the ferric oxide, silica and titanic acid 

present in the ore. The mixture is charged into an electric 

furnace and kept at an intense heat for a considerable time in 

order that the impurities (iron, silica and titanium) may be 

reduced and form an alloy with a small proportion of aluminium, 

which sinking to the bottom can be removed. 

Commercial Valuation. 

Specimens of the laterites, with the results of their analysis, 

were submitted to commercial experts, who reported that the 

mineral in general is of satisfactory quality for the manufacture 

of aluminous compounds such as sulphate of aluminium, alum, 

etc. It was stated however that such material could not be 

sold in this country at a price which would bo remunerative 

after paying freight, unless very low rates could be \ obtained. 

Sample No. 3 was said to be the most suitable quality for the 

manufacture of aluminous compounds. 

The value of bauxite suitable for the manufactui-e of alumin¬ 

ous compounds is about 22^. to 235. per ton delivered to United 

Kingdom ports. The price obtainable for manufactured alumina 

in this country varies from £12 to £38 per ton, depending on its 

purity and to some extent on its physical condition. 

In a second patent (C. M. Hall, Niagara Falls, U.S.A., Eng. 

Pat. 2260, January 28th, 1902) alxuninium is not employed, but, 

if the bauxite is deficient in ferric oxide, sufficient iron is added 

to alloy with the silicon and titanium. The mixture is heated 

below the point of fusion, allowed to cool, and the partially 

purified alumina broken and reheated till it fuses. The two 

operations are conducted simultaneously in one furnace consisting 

of an inner and an outer chamber. The process was reported 

to have been carried out successfully with a current of 7,200 

amperes at 50 volts. 

A similar process (French Patent 344549, July 4th, 1904) has been 

adopted by the Societe Anon. Electro-Metallurgique in which pure 

G 
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alumina is obtained as a bye-product in the manufacture of ferro* 

chromium by utilising bauxite as a flux in place of lime. The slag 

so obtained is said to consist of nearly pure alumina. 

Conclusions. 
These reports confirm Sir Thomas Holland’s opinion expressed 

in paragraph 5 of his letter No. 395 of the 25th January 1905 

that “ in any case the low value of bauxite at European and 

American ports would not cover the cost of mining and transport 

to Europe from any part of India removed from the coast.” 

There appears however to be no great obstacle to the adoption 

of Bayer’s process for extracting alumina in India, and, as the above 

quotation shows, the manufactured product if of good quality would 

probably fetch a price which would be remunerative to exporters. 

The waste of alkali should be small with lateritcs of a quality equal 

to the present samples, and the only other necessary material would 

be lime for reconverting the sodium carbonate into caustic soda. 

Much more might be said on the general subject, and as to 

the details of the processes which might be employed. This how¬ 

ever is unnecessary at this stage since it is clear from the facts 

now presented that the utilisation of laterites in India presents a 

favourable field for industrial enterprise. 
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MISCELLANEOUS NOTES. 

Hunza and Nagar Glaciers. 

T^ROM enquiries I made it appears that some of the Hunza and 

^ Nagar glaciers are at present advancing. 

The people at Miuapin told me that the Minapin glacier has al¬ 

ready overthrown one of the pillars placed by Mr, Hayden in the 

nullah during September 1906, 

The Hassanabad and Muhammadabad glaciers, I am told by Wazir 

Humayun of Hunza, are both steadily advancing, and are now threaten¬ 

ing to destroy the waterchannels (kuls) which have been made from 

these nullahs. The Muhammadabad glacier has already destroyed the 

upper of the two waterchannels, and is now close to the lower one. 

I placed a pillar of stones to mark the snout of the Passu glacier. 

This pillar is on the right bank of the glacier, close to the road, where 

it begins to descend steeply into the Passu nullah bed. Opposite 

this pillar on the other bank is a large white stone. Wazir JRumayun 

left orders for the Passu people to erect another pillar on this white 

rock so there should be no difficulty in finding these marks. I regret 

that I had not time to visit the Minapin and Hassanabad glaciers 

and examine the marks put up by Mr. Hayden, and note any move¬ 

ments of these glaciers. 

I have made the above notes, as, although the information is only 

what I obtained from questioning the local men and therefore rather 

vague, still I thought it might be of interest so far as it goes. 

[H. F. Bridges, Captain, 

6th Gurkhas,] 

Second note on a Becent Estuarine Deposit below 
Clive Street, Calcutta. 

In Vol. XXXI of these Records,” page 175, Mr. E. Vredenburg 
describes briefly an oyster-bed found under one of the streets of Cal¬ 
cutta. With the help of Mr. H. B. Preston I have now been able 
to f identify most of the animal remains included in the deposit, and 
therefore to cast a little more light on its nature. With the exception 



222 liecords of the Geological Survey of India. [Vol. XXXVII.. 

of a barnacle {Balanus patellaris, Spengler) and ei'po\yzoon[Lepralia(Es> 

charioides) occlusa. Busk, var, sive nov, sp. prox,], the recognizable 

remains consist of raolluscan shells: there are also some small calcareous 

worm-tubes, as to the identity of which none but a palaeontologist 

would venture to guess, and a fragment of mammalian bone certainly 

belonging to a carnivore and probably to a large dog or wolf. The 

following is a list of the shells:— 

Telescofium juscum, Ch.—A common species in mangrove swamps, 

extending its range landwards in the Ganges delta to the environs 

of Calcutta, round which it is common in ditches. Essentially an 

estuarine form. 

Paludina {Yivipara) bengalensisj Lam.—One of the commonest freslf- 

water shells in Lower Bengal. I have taken it in slightly braekish 

water near Calcutta. 

Ampullaria globosa, Swains.—The same remarks apply to this species 

as to Paludina bengalensis. I may draw attention to the fact that 

operculate shells like these two species are very much more com¬ 

mon in the deposits now being formed round some of the “tanks’* 

in Calcutta than non-operculate forms such as Limncea, although the 

latter arc just as abundant in the “ tanks. ” This appears to be due 

to the greater sensitiveness to the approach of drought natural to a 

mollusc not provided witli an operculum. When a pond begins to 

dry up, such forms as Limncea make their way to the deeper parts, 

or, as a final resort, crawl over the damp grass at night to other 

ponds. Operculate forms, however, are apt to close their opercula 

and stay where they are, often perishing before the water returns 

to them. 

lAricia moneta, Linn.—There is a small, very much worn shell in 

the deposit which appears to belong to this species. It is the only 

mollusc in the collection that is essentially marine, being an inhabitant 

of clean salt water. As, however, its shoH was at one time used as 

money in Lower Bengal, its presence in the deposit may be purely 

adventitious. Its worn and polished surface would suggest a different 

origin from that of the other shells. 

Planorbis exusiusy Desh.—A single specimen. This is a very com¬ 

mon mollusc in ponds round Calcutta. During the floods in July, 

1907, I found that it migrated into certain brackish ponds at Port 

Canning on th» River Matia (Ganges delta; from which it was usually 

absent, being a thoroughly freshwater species. When the water eva¬ 

porated, however in the succeeding cold weather, and the salt became 
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concentrated, it disappeared from these ponds. Apparently it cannot 

endure water that contains more than about 1 per cent, of saline 
residue. 

Anomia achcms, Gray.—A common species in the estuaries of the 

Ganges, often found in water that contains a sufficiently small propor¬ 

tion of salt to be called brackish. 

Area adamsiana, Dkr.—A single small and imperfect specimen 

identified by Mr. Preston. 

Ostrea cucullata, Bow,—Common in brackish water. In the Matla 

River it is abundant in water containing only 2‘5 per cent, of saline 

residue. 

Ostrea canadensis, Tk.—Many larfje oyster-shells of an elongated 

form and with a peculiarly elongate hinge occur in the deposit. One 

of them was sent to Mr, Preston, who writes regarding it: **Mr. 

p]. A. Smith is of opinion with me that this is 0, canadensis, Lk., 

tnougli how it got to Calc.utta except as ballast it is difficult to ima* 

gine.” Similar shells, however, are still common in a living state in 

the Sunderbans, and we have others in the Museum collection which 

evidently belong to the same species, from Mergui, Penang and Ciitch, 

Jt will be seen from what has been said that the deposit is an 

estuarine one from fairly near the upper limits of brackish water, as 

is proved by the presence of essentially freshwater species known to 

live in ponds and canals of water containing a small percentage of 

salt. The only barnacle present {Balanvs 'pafeUaris) has been found 

by myself living in a pond the water of w'hich contained not more 

than about 1'7 per cent, of saline residue. As regards the Lepralia, 

which coated some of the oyster-shells in considerable profusion, we 

know as yet very little about the estuarine polyzoa of India. Mr. A W. 

Waters has published a short note on a specimen submitted to 

him (Rec. hid. Mus., ii, p. 110). He says regartliiig it: “Possibly 

it is a marked variety of Lepralia occlnsa, or an ancestor.” It is 

however improbable that the latter supposition is correct taking 

into consideration the organisms found with the polyzoon; the whole 

facies of the deposit is recent and there is nothing to prove that this 

Lepralia no longer exists in the estuary of the Ganges, as the molluscs 

to wliose shells it was attached still do. Even if it could be proved 

to be extinct in its old haunts this would mean very little, fi.tr Mem* 

branipora bengalensi^, Stoliezka, another estuarine species, has entirely 

disappeared within the last forty years from localities near Calcutta 

ill which it was once common. 
[N. Annandale.] 

u 
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Growth of Alunogen crystals on a Meteorite (PlatQ 9). 

My attention was recently called to a growth of white fibrous crystals on 
a portion of the meteorite which fell at Cold-Bokkeveld, Tulbagh, Cape Colony, 
on 13th October 1838 ; and which had been kept (under ordinary atmospheric 
conditions prevailing in Calcutta) in a card-board box having a glass lid 
standing in a show case in the Geological section of the Indian Museum. 

The specimen was obtained in 1865. 

One side of the specimen, which was an original surface of the 
entire specimen, was quite free fr<.)m the encrusting crystals, but the 

other sides, which were fresh fracture surfaces, were entirely covered by 
them. 

On analysis I found the crystals to consist of alunogen (hydrous 

sulphate of alumina), and their formation is due to the peculiar com¬ 

position of the meteorite and the favourable conditions of the climate 

of Calcutta. 

Dana states: “Alunogen occurs commonly as the result of the 

decomposition of pyrite in coal districts and alum shales,” ^ and it 

has been noticed to form on specimens of the latter in the Geological 

Survey Offices. 

The meteorite is of the stony, nou-metallic variety, and is peculiar 

in that it is carbonaceous.2 

That the original surface of the meteorite did not undergo this 

change seems to be accounted for, partly by the surface being vitri¬ 

fied, and partly because the sulphur then must have been fully oxidised 

by the atmosphere during the falling of the meteorite. 

Explanation of plate 9. 

Fig. 1. Portion of the Cold-Bokkeveld meteorite with growth of 

alunogen (natural size). 

Fig. 2. Ditto showing portion of the original surface of the meteo¬ 

rite (natural size). 

[Mukray iStfart.] 

1 A system of Mineralogy, p. 058. 
8 Studienuber Moteoriton, C. Klein, p. 13. 

British Museum Introduction to the study of MoteoriUis, p. 30. 
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structure and the boundaries of the outcrop of the miocene or, as 

we may term it with Theobald/ the Pegu series, viz,:— 

(1) between Zigyobin and Payagyigon ; 

(2) between Yonywa and Kanlwin ; 

(3) east and south of Ngashandaung. 

In contrast to the Gwegyo hills, which have been protected from 

denudation by a hard layer of sandstone capping the shales of 

which they are mainly composed, the outcrop of the Pegu series 

south of Payagyigon is chiefly exposed in stream-beds owing to 

the partial denudation of tho overlying alluvium. Although the 

southern boundaries of the outcrop cannot be seen, there is no 

doubt that it ceases close to Ngasliandaung, since the Red Silt 

has been extensively removed on either side of the Pin Chaung, 

3 miles south of this village, and here only rocks of Irrawadi age 

are exposed. 

The flora of the area is typicaby that of the waterless tracts 

a short distance inland from the Irrawadi river, to which the 

name “desert zone” has been applied by Captain Gage.^ 

A peculiarity of the Pegu beds, both of the Gwegyo hills and 

of the country south of Payagyigon, is the abundance of shale and 

the rarity of sandstone. This has an important bearing on the 

surface features in two respects :— 

(1) the shales, being impervims U, water, form excellent re¬ 

servoirs for the storage of the monsoon rains. Accord- 

ingly we find many large tanks throughout the area, 

especially near Payagyigon. The occurrence of several 

tanks between Payagyigon and Zigyobin wliere the (Jwcgyo 

hill-range ceases, suggests the presence of beds of Pegu 

shale underlying the alluvium that separates these two 

outcrops; 

(2) the softness of the shale has caused extensive denudation 

in the area south of Payagyigon. Here the Pegu series 

has been denuded to a considerably lower level than the 

surrounding Irrawadi sandstone plateau, and the outcrop 

forms an area of depression. In contrast to this area 

the Gwegyo hills have been protected from denudation 

1 Theobald ; Mem., Geol. Su)v. Ini.^ Vol. X, p. 80- 
2 Jiec,,Bot, Surv. Ind., VoL III, No. 1. The Vegetation of the District of 

Miabu in Upper Burn)^. 
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by a hard capping layer of sandstone. The Gwegyo 
hills and the Payagyigon-Ngashandanng oil-field being 
separated by a broad belt of alluvium, it seems advisable 
to treat the two areas separately. 

I.—The Gwegyo Hills south oi Nyaungnigyin. 

The hills are entirely composed of Pegu strata, and show a 
preponderance of shales. These are of a steel-blue colour in fresh 
exposures, but where they have been subjected to weathering their 
hue is a light olive.^ 

Pegu beds are found also extending for about a mile west of 
the hill range ; and in these higher zones, fossils and selenite 
occur. I have found no fossils in the lower zones of the Pegu 
series exposed on the eastern scarp of the hills. 

The locality from which fossils were obtained is about 2 miles 
S.S.E. of Kyauktan village, in a 
stream-bed running northwards 'towards 

the village. Three fossil-beds were found exposed in this chaung^ 

the highest being about 175 feet above the lowest bed. The speci¬ 
mens from these beds are as follow:— 

Ceratotrochus alcocki, Noetl. 
FlaheUmn distinctum, Milne-Edwards. 
Paractfathns ca^ruleus, Duncan • 
I'dlina hilli, Nootl. 

„ 'protostriatula^ Noetl. 

„ protocandida, Noetl. 
Dionc pTotophilippinarum^ Noetl. 
Area sp. 

Ostrcea sp. 

Turritella angulata, Sow. 
Trochus sp. 
TriUm pardalis, Noetl. 

Cancellaria davidsoni, d’Arch. et Haimc. 
Fasciolaria nodulosa. Sow. 
Surcula fedden% Noetl. 

[ 3 See Pascoo : Gwegyo anticline, 7?cr., Geol. i<nrv. M., ^’o^ XXXIV, p. 201. 
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Pleurotoma sp. cf. ivoodwardi, Martin. 
Valuta dentata, Sow. 
Conus malaccanus, Hwass. 

„ yuleianus, Noetl. 
CypTcea sp. 
Callianassa hirmanica, Noetl. 

The fauna above given show that these beds belong to the 
Yenangyaungian stage of Noetling. 

The thickness of the outcrop near Nyaungnigyin is perhaps 

Thickness of 1‘effH beds. f ^ 
greater than that of the Pegu beds 

exposed in the better known anticlines of Upper Burma. It is 
a possible conjecture that the lower horizons exposed in this field 
are to be correlated with the unfossiliferous Sitsyahn shales of 
Theobald/ while the upper beds w(mld be contemporaneous with 
his Prome series or, as it is now usually called, Yenangyaungian. 

Structure and faults. 

South of Nyaungnigyin only westerly-dipping rocks can be seen 
in the outcrop of the Pegu series. While 
portions of the crest still remain in the 

Pagan hUls (see Grimes ; Mem,, Geol. Surv, Ind,y XXVIII, p. 66) 
and also in the northern part of the Gwegyo hills (see Pascoe, op. 
cit.), the crest in this part of the field appears to have been 
entirely faulted away, and sand rock of Irrawadi age is found on 
the east of the hills, in juxtaposition with westerly-dipping Pegu 
beds. I have found no evidence to show whether these faults 
are lag-faults downthrowing to the east, or thrust-faults with an 
upthrow from the west ; Pascoe however (op. cit.) believes them 
to be lag-faults. One of these boundary-faults runs N.W.—S.E. 
from Nyaungnigyin towards Minganzu, a second runs northwards 
from near Gwegyo to meet it. Although there is no positive 
evidence that the eastern scarps are bounded by faults south of 
Gwegyo, the whole country up to the base of the hills being 
covered by alluvium, yet it seems obvious that such faults exist 
since boundary-faults are found both to the north and near Payagyigoh 
to the south. 

1 Theobakll Geology of Pegu, Mem„ Qeol, i^urv. Jnd,, Vol, Xt P* 81* 
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II.—The Payagyigon-Ngashandaung Oil-fleld. 

This field has been divided into six blocks by the Burma Oil 

Company; I shall therefore refer to the block numbers for con¬ 

venient reference. 

Perhaps the chief point of interest is the prevalence of beds 

of dark blue and often gritty shale without selenite. The upper¬ 

most beds show true sandstones alternating with shale, the former 

being of a buff or light olive colour, and are well seen in the 

exposures in stream-beds in block 1, but in the south of the field 

great thicknesses of blue shaly beds are found in which the nearest 

approach to a sandstone is a gritty rock of the same colour as 

the adjoining shale, and composed of grains of quartz in a more 

or less argillaceous matrix. 

In block 1 the outcrop of the Pegu series is at its widest, but 

it is difficult to estimate the thickness, which is probably not less 

than 2,000 feet, since the outcrop is faulted. The thickness of 

strata exposed in the Kye-ma-ngai Chaung, block 5, is probably 

not much over 600 feet. As the crest is sinking to the south, a 

decrease in thickness is only what might be expected, but it is 

worth noting that in contrast to the alternating beds of buff 

sandstone and blue shale or gritty argillaceous beds of blocks 

1 to 4, the exposures in this section show only rocks of the 

latter type, and the true sandstones seen from blocks 1 to 4 are 

here entirely absent. It is difficult to explain what has become of 

them, unless wo suppose that they have been removed by denuda¬ 

tion previous to the deposition of the Trrawadi beds. 

The evidences in favour of an unconformity between the Irrawadi 

Uiicoiiforiiiity. 
beds and the Yenangyaungian in this 

field are as follow :— 

(1) the sections in stream-beds from blocks 3 to 5 show 

a sharp division between current-bedded Irrawadi sand- 

rock containing fossil wood and presumably a fluviatile 

deposit, to Yenangyaungian dark blue argillaceous beds 

or shale. Fossils (corals, marine gastropoda and pelccy- 

poda) have been found in these beds within 100 feet 

of the base of the Irrawadi beds. Thus there is a 

sudden transition from marine to fluviatile strata; 

(2) the Irrawadi series is separated from the Yenangyaungian 

by a bed of red earth three or four feet thick, some- 
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times conglomeratic. This bed perhaps represents an old 
land surface ; 

(3) little evidence can be adduced from the respective dips 
of the two series. Such dips as have been obtained 
appear to point to a slightly greater angle of dip in 
the Yenangyaungian as compared with the Irrawadi 

beds, but the latter are so current-bedded that reliable 
clips are almost an impossibility, and this type of 
evidence cannot be regarded as very reliable. 8o much 
at any rate may be taken as certain that, considering 
the disturbance of the Yenangyaungian in this field, 
the Irrawadi beds are less disturbed than we should 
expect, since about a mile from the Yenangyaungian 
outcrop only very gentle dips are seen. 

The Pegu beds of this field contain abundant fossils, and 

Fossils specimens have been collected only from 
the more important localities. In 

describing the fossil-zoues, block 1 and blocks 4 and 5 have been 
treated as distinct areas, since they are separated by country 
covered by alluvium through which it would be impossible to 
trace a fossil-bed. 

Fossils from Block 1. 

Bed I, a thin band of limestone close to ilie base of the 
Irrawadi beds, coiitaiiiing broken remains : — 

Tvllina sp. 

Lurina ncjsfutaincui ? 

Natica sj). 
Sharks’ teotli. 

Bed 2, at a rough estimate about 1)00 feet below thi base of 
the Irrawadi l)eds, and containing a rich fauna, from which some 
specimens have been already deseribed (Rec., Gvol Suri\ Ind.y 

XXXVI, p. 131). The following have been identified:— 

Dendroph 'fllia sp. 

Flahellmn distinctum^ MiJne-Ed. 
„ sp. indet. 

raTacyathus cwruleus, Duncan. 

Ccralotrochus alcocki, Noetl. 
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Pecten kokenianus^ Noetl, 
Ostrma sp. 

Area sp. 
Dione duhiosa ? Noetl, 
Calliosioma blanfordi, Noetl. 
Verfnttus javanus, K. Martin. 
Siliquaria sp. 
Scalaria sp. 
Turritella angulata, Sow. 
Cancellaria davidsoni, d’Arch, et Ilairinj. 

Filsus seminudus, Noetl. 
Oniscidia ^nmbueiisis ? Noetl. 

Genvta irravadicM, Noetl. 
Valuta dentatay Sow, 
Ficula theobaldij Noetl. 
Ctjprwa spp. 

Drillia genanensiSy Noetl. 
,, prololnterrupla ^ Noetl, 

Conus malavcunusy Hwass. 
„ sp. indet. 

Nautilus sp. 
Balanus iinlinnahulumy Liiiiie. 

Oxifrhina spalUinzaniiy J5on. 
Carcharodon meffalodony Agassiz. 

Bed 3 is exposed in the Sagyiti Chaung. Here there is a bed of 
reddish brown sandstone with shale above. Some of the fossils 

come from the overlying shijles:— 

Flabellum sp. indet, 

Mmandrina sp. 
Pecten sp. 

Nucula alcockij Noetl, 
Dione protophiUppinarumy Noetl. 

Trochm sp. 
Vermetus sp. 
Turritella lydekkeri, Noetl. 

Natica callosUy Sow. 
Semicassis protojaponica, Noetl, 
VoltUa dentata. Sow. 
Fasciolaria noduhsay Sow, 
Trilon pardaliSy Noetl. 
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Genota irravadica, Noetl, 
Conm 'protojurvusj NoetL 

„ malaccanus, Hwass. „ yuleianuSj Noetl. 
Callianassa hirmanica^ Noetl. 
Crab remains. 

Blocks 3 and 4. 
* 

The following fossil-btds are all exposed in the Taungma 

Chaung :— 

Bed 1, aboiit 100 feet below the base of the Trrawadi series, 
is a thin argillaceous limestone with fragmentary fossils, including 
Paracffothus ccendens, Cancellaria davidsoni, and traces of pelecypoda. 

Btd 2, coral limestone, rather argillaceous. 400 feet below the 
base of the Irrawadi beds;— 

Ceratotrochus alcocl'i, Noetl. 
ParacijatJms cceruleus, Duncan. 
Flahellum distinctum, Milne-Ed. 

„ sp. indet. 
Trochneyathus sp. aff. itarm^sis, Duncan. 
Nuetda alcocki^ Noetl. 
Ficula theobaldi, Noetl. 

Genota trravadica, Noetl. 
Oliva rufnla, Duclos. 

Bed 3, about 420 feet below bed 2, consists entirely of argil¬ 
laceous beds, in which tlic fossils are very well preserved;— 

Ceralotrochus alcocki, Noetl. 
Nucula alcocki, Noetl. 
Tcllina prolocandida, Noetl. 
Titmtella leiopleurata, Noetl 

„ Itjdekkeri, Noetl. 

Vermetus sp. 
Solarium sp. 
Natica obscura, Sow. 
Valuta derUalaj Sow. 
Genota irravadica, Noe?t]. 
Semicassis proiojaponica^ Noetl. 

Triton pardaUs, Noetl. 

Fasciolaria noduhsUf Sow. 
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Olim Tufulai Duclos. 
Pleuroioma Bp. cf. woodwardi, Martin. 

„ sp. cf. karenaica, NoetL 
Murex tchihatchefji, d’Arch. et Haime. 

Conus literatus, Linne. 
Crab remains. 

Besides the above fossils, two species of Nautilus h^ve been 
found in this part of the field, one (sp. 1) coming from about 
the same horizon as the bed described immediately above, and 
the second and larger species (sp. 2) coming from detritus close 
to bed 2, blocks 3 and 4. The first species has also been 

found in bed 2, block 1 (see above). 
The structure of this area is a close parallel to that of the 

Gwegyo hills. A remnant of the crest 

fcionis N.-S. similarly to the crest in 

the north of the Gwegyo hills near Tetma (see Pascoe, op. cit.). 

Between these two points the crest has been completely faulted 
away by faults upthrowing from the west, or downthro\ying to 
the east, which have brought the Irrawadi series into juxta¬ 
position with westerly-dipping Pegu beds. It is possible that the 
remnants of the crest in the north near Tetma, and in 

the south in block 5, axe features connected with the 
sinking of the anticline at these points- At any rate there 
would presumably be less strain where the anticline was sinking 
than where there had been a maximum upheaval of strata. 

There is an excellent section showing the anticlinal structure in 
the Kye-ma-ngai Chaung, blocks 5, 5A; the fold is sharper than 
that of Yenangyaung, the dips rapidly approaching 30° close to 
the crest on either side. The strata are broken in appearance 

along the crest-line and possibly the crest is faulted. The want 
of correspondence of the beds on either side of the crest in the 
above mentioned section bears out this view. 
f Some steeply dipping strata close to the oil-sand in the Kye- 
ma-ngai Chaung (see map) may be caused by this fault, which in 
this locality apparently runs a few yards to the east of the crest. 

The dips in blocks 5 and 5A are unreliable, but apparently 

show that the anticline is sinking to the south. 
The crest is cut off by a boundary-fault north of the Burma 

Oil Company’s bungalow in block 4. 
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The eastern boundary of the outcrop of the Pegu series is 
faulted in a manner exactly similar to the faulting of the Gwegyo 
hills. The faulting apparently dies out into folding in the extreme 
south, as is suggested by the Kye-ma-ngai Chaung section, wliich 
shows Irrawadi beds dipping vertically at tlie junction. A minor 
fault passes through block 1 (sec map). I was unable to trace 

it southwards through block 2, since the structure is obscured by 
alluvium. 

The Pegu beds of this area are probably entirely marine, no 
brackish water shells or other evidence having been found to 

indicate an estuarine type. Dark-coloured shale beds preponder¬ 
ate, and selenite is scarce. The Irrawadi beds are frequently 
hidden by a covering of Red Silt on tlie high ground. In 
the valley of the Pin Chaung, this alluvium has been denuded, 
and Irrawadi beds are well exposed. Red Silt is found cover¬ 
ing the Pegu outcrop. It is now being again denuded. 

The chances of oil in the Gwegyo hills have been already 

of oil discussed by Fascoc. His remarks apply 
with equal force to this area in which 

three w'ells have been drilled on the crest in block 5 ; two have 
been drilled close to the boundary-fault in block 1, and three 

near Tetma in the north of the Gwegyo hills. The results, 1 
think, have proved that this field cannot be made to pay, since 
the oil occurs in too small quantity. If the fault-rock has 
partially plugged the oil-sands, small quantities of oil, but most 

probably not sufficient to pay, may be reasonably expected in 
wells drilled immediately west of the boundary-faults. Again, oil 
might be looked for along the remnant of the crest in block 5 ; 
here, however, it has been shown that the crest is sinking, hence 
the oil-sands would probably be too poor to pay. 
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The Silver-Lead Mines of Bawdwin, Northern Shan 

States. By T. D. LaTouche, B.A., F G.S., Siiperin- 
tendmt, Geological Survey of India, and J. Coggin 

Brown, B.Sc*, F-G.S., Assistant Superintendent, 
Geological Survey of India. (With Plates 12 to 24.) 

I.—GEOLOGY. 

By T. D. LaTouche. 

^HE existence of rich ores of silver and lead in the Northern 
Shan States has been known for many 

liiti'odiictioii. Jli8toi> years. In the accounts of the various 

missions to the ("ourt of Ava, from 
that of Michael Symes, in the year 1795, to that of Sir A. Phayre, 
who was accompanied by Dr. T. Oldham, Superintendent of the 
Geological Survey, in 1855, reference is made to these mines, but 

no Europeans were allowed to visit them, and even so late as 
1895, when the sixth edition of the quarter inch To})ographical 
Survey map was compiled, so little was known of thorn that their 

position is not marked. 
A very high antiquity has been ascribed to the Bawdwin 

mines. Mr. C. H. Henniker^ says that work probably commenced 
there over 1,000 years ago, but gives no authority for the state¬ 
ment. The first authentic record of the mines is found in an 

inscription, discovered at Bawdwin and translated for Mr. 
Maclaren, late Specialist, Geological Survey of India, by Mr. Taw 

Sein Ko, the Government Archsoologist, Burma. According to this 
inscription, work was commenced at Bawdwin by the Chinese in 
the 9th year of the Emperor Ch’ingtsou (Yonglo) of the Ming 

dynasty. This date would correspond to 1412 A. D.^ The first 
mention of the mines to be found in a European work is by 
Symes in 1795, who calls the place Badouem, and says that it 
is six days’ journey from Bamoo (Bhamo) near the frontiers of 
China.^ Crawford, in 1827 estimated the production of the mines 

at 960,000 ticals or £120,000 sterling annually, and was informed 
by two Chinese merchants, who had been to the place, that about 

1 Mining Journal Vol. LXXIX, p. .'>2. 
2 J. McColm Maclaren, MS. Report, 1900. 
8 Symea, Etnheumy to Ava, p. 324. 



236 Records of the Geological Survey of lndia» [VoL. iXXVil. 

1^000 miners were employed and that the tax paid to the King 
of Ava was 4,800 ticals, about £600 sterling. He places the 

locality, which he calls Bor-twang, at 12 days’ journey from 
Bhamo, towards the Chinese frontier.^ 

At the time of Sir A. Phayre’s mission, in 1855, Dr. Oldham* 
says that the tax paid to the King of Ava was only 40 ticals 
per annum, but it was stated that 10,000 Chinese were employed, 
a number that was probably greatly exaggerated, if one may 
judge from the evidences of their occupation that now remain 
at Bawdwin. The reduction in the amount of revenue received 
by the King of Ava seems to indicate that the production of the 
mines had greatly fallen oft since Crawford’s time. 

At about the time of Sir A. Phayre’s visit to Ava the 
Panthay rebellion broke out in Yunnan, and taking advantage 
of the unsettled state of the country, the Kachins of the northern 
hills began to advance southwards, rendering the position of the 
Chinese at Bawdwin very precarious. It may havo been at this 
time that the extensive lines of entrenchments, which can still be 
traced along the ridges and spurs of the hills surrounding the 
mines, were constructed. A further cause for the decline of the 
industry which now took place must have been the increasing 
difficulty of procuring fuel and supplies and of extracting the ore 
as the galleries approached the level of the stream flowing 

through the valley, in the absence of more efficient appliances for 
dealing with the increasing influx of water than were possessed by 
the Chinese, and the mines were finally abandoned by them about 

the year 1868-^ 
After the departure of the Chinese the Burmese Kings 

Mindun Min and Thebaw made several attempts to work the 
mines, but owing to the ravages of disease and the want of 
metallurgical knowledge these efiorts resulted in failure. 

I have been informed by Mr. C* A- Freymuth, who was one 
of the first Europeans to visit the mines on behalf of the syndi¬ 
cate formed to reopen them, that on his arrival he found a 
number of Kachins employed in smelting portions of the slag 

1 Crawford, Journal of an Emhasiy to the Court of Ava, pp. 427, 444. 
2 Captain H. Yule, Iv’arrative of the Min^tion to the Court of Am in 1885^ 

p. 345. 
^ I am indebted for much of the information regarding tho history of tbo 

mines to Dr. J. Malcolm Maclaren, who was the first geologist to visit the mines, 
in 1005. 
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heaps left by the Chinese. For this purpose they picked out 
the richest fragments of slag, containing 60 or more per cent, of 

lead, and smelted them with a large excess of charcoal in the 
small furnaces shown in Plates 16 and 17. The furnace was 
filled with the mixture of ore and charcoal, and then covered 
over with a heap of earth and turf. It was then lighted from 

below, and the metal, percolating through the mass, collected in 
a hollow beneath the furnace, and was ladled out into moulds. 

Within the last few years interest in the mines has been 
revived by the discovery that the Chinese worked them principally 
for the sake of the silver contained in the ore, and threw away 

the bxdk of the lead in the form of slag, huge heaps of which 

now mark the sites of their smelting furnaces. A Company has 

been formed with the object of collecting and smelting this slag, 

and has been engaged in constructing a tramway from Manhpwi, 
the nearest station on the Northern Shan States railway, to the 
site, in order to bring away the material and smelt it at some 
more convenient spot. 

Up to the present time the Company has confined its attention 
to the slags lying on the surface, but it should not be forgotten 

that, below the water level, there may still remain bodies of ore 

untouched by the Chinese miners, and it is to be hoped that as 
soon as the present scheme is in working order the ground will 

be thoroughly prospected with modern appliances. 
The mines of Bawdwin^ are situated close to the northern 

Nitii4atio]i and physical 
aspect of the locality. 

border of the State of Tawng Peng, 
in approximate latitude 2.3° 6' 45", 

longitude 97° 20' 30", on the banks of 
a small stream called the Nam-pang-yun/ a tributary of the Nam 

Tu ^Myitnge of the Burmese). For several miles round this spot 
the hills are almost entirely denuded of trees, but are thickly 
covered with grass (PI. 12). This absence of tree jungle in a 

country generally so thickly wooded gives the district a peculiar 
aspect, as seen from the surrounding heights, and is probably partly 

due to the destruction of the forest for fuel, and partly to the 
fumes from the smelting furnaces, for the Chinese apparently 

^ Burmese-»*Sri7ver mmc-**. These mines are also known as Bawdwin-gyi, the 
great silver mine. 

2 The Sireavi of the peacock camp. Probably in allusion to the brilliant 
blue and green films of copper ores spread over the rocks at several places in the 
gorge. 
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made no attempt to collect the products of volatilisation, which 

were discharged directly into the atmosphere. Since the desertion 

of the mines little change in this respect has taken place, 

but bamboos arc springing up in the ravines, and a few 

scattered trees on the hillsides, and in time, if left alone, they 

will no doubt become as well-wooded as before.^ 

The mines lie several miles beyond the northern edge of the 

Burma Survey sheet No- 331, on the one inch scale, and the 

only map of the neighbourhood available is the quarter inch 

sheet No. 4 N. W., which is by no means accurate. Moreover, the 

country for several miles to the south of the mines is quite 

uninhabited and covered with dense jungle, without paths, in con¬ 

sequence of which it was impossible to follow up the formations 

found to the south continuously into the Bawd win area- Some 

doubt exists, therefore, with regard to the exact position of 

some of the Bawdwin rocks. 

The general sequence of rocks to the southward is the fol¬ 

lowing:-At a variable distance of two to five or six miles to 

the west of the Nam Tu, which in this part of its course 

runs almost due north and south through a deep gorge, is 

found an ancient land surface, composed of slates, quartzites, 

and grits of pre-Ordovician age, along the eastern border of which 

rocks of Ordovician, Silurian, and Devonian age wore deposited in 

succession. These rocks have been traced northwards from the 

neighbourhood of Hsipaw, forming a broad belt along the valley 

of the Nam Tu. Along the outer or western edge of this belt 

Silurian grits and sandstones (Namhsim beds) are found resting 

directly upon the upturned edges of the rocks forming the old 

land surface, with a very irregular boundary, deeply eroded by 

the tributaries of the Nam Tu- • 

Near the base the Silurian beds consist of coarse felspathic 

grits, frequently pebbly, which are' succeeded by finer sandstones 

as we recede from the old shore line, and finally by fine 

grained sandy marls. They overlap the older Palffiozoic or 

Ordovician beds, in such a manner that the latter are only visible 

at a considerable distance from the shore line, where they 

happen to have been brought to the surface by subsequent earth 

J I am intormed by Mr. J. Ooggiri Brown, who visited Bawdwin with mo 
and has hiucc travellc'd in Yunnan, that this deoudation of tho forests is an 
invariable acrompanimeut of Chinese occupation and is not confined to the 
I^ctghbourhood of localities in which smelting is* carried on* 
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movoments. The Ordoviciaa beds consist of shales, marls, and 

limestones, usually very rich in characteristic fossils, and are 

known locally as the Naungkangyi beds. At the top of them, 

immediately beneath the Namhsim sandstones, is found a thin 

but persistent band of shales, the Panghsapye graptolite band, 

containing Graptolites of Llandovery types, resting upon a band 

of purple calcareous shales, which latter represent the purple Hwe 

Mawng beds of the ranges between the plateau and the Salween 

to the south-east of Lashio. The Namhsim sandstones are suc¬ 

ceeded above by the limestone of the plateau, of -Devonian or 

Carboniferous age, which does not extend to the west of the 

Nam Tu in the southern part of the area, but crosses it at the 

mouth of the Bawdwin river, or Nam-pang-yun. 

The chief structural feature in this belt of rocks is a great 

overthrust, which has been traced almost continuously from south 

to north, from Panghsapye (22° 42' 30": 97° 17') to Bawdwin, 

a distance of about 30 miles, running parallel to the Nam 

Tu for the greater part of its course. Along this overthrust the 

Naungkangyi beds have been j)ushed up westwards ove^r the 

Namhsim sandstones, so that a broad belt of the former inter¬ 

venes between two areas occupied by the sandstones, the latter 

to the east being found in their normal position under the 

Plateau Ijimestone, and forming a precipitous scarp along the 

left bank of the river, with the graptolite and purple bands at 

its base ; while to the west the sandstones dip beneath the 

Naungkarigyi l)eds along the plane of the fault (see section, 

Plate 24, fig. 1). 

Near the boundary of sheet 331 the fault appears to take a 

north-north-westerly trend, and, leaving tlie baud of Naungkan¬ 

gyi shales, traverses the floor of older rocks underlying the 

.Naungkaugyis in the neighbourhood of Bawdwin (see map, PI. 23). 

'J'hese older rocks consist here mainly of coarse fclspathic grits and 

rhyolitic tuffs with thin flows of true rhyolite (first detected by Mr. 

Maclaren), succeeded above by finer grained reddish brown sandstones, 

not easily distinguishable from the Namhsim sandstones to 

the south, but without fossils. The standstones are found ex¬ 

tending for some four or five miles along the gorge of the Nam- 

pang-yun below Bawdwin, with a regular easterly dip, until they 

disappear beneath the Naungkangyi shales. The overthrust passes 

through the felspathic grits at Bawdwin itself, and there is no 
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doubt that the mineralisation of the rocks of that area is due 

to the intense crushing and dislocation of the rocks caused by it. 

In addition to the grits there are found in the immediate 

vicinity of Bawdwin patches of quartzitic sandstones and shales, 

with which is associated, some miles to the west of the mines, 
a band of coarse conglomerate. It is extremely difficult to make 

out the relations of these beds with the grits and rhyolites, but 

the probability is that they are outlying patches of the Namhsim 

sandstone series, folded or faulted down among the older rocks. 

A minor line of disturbance of the same nature as the principal 

overthrust appears to branch off from the latter at Bawdwin, and, 

taking a more southerly course, passes between the Trigonometrical 

Survey peaks 5,550 feet and 5,834 feet in the neighbourhood of 
Manglang (22° 18': 97° 20' 30") to the south of which it seems 

to die out. The most intense amount of dislocation and crushing 

has therefore taken place at Bawdwin, where these two lines unite. 

Over a broad zone parallel with the plane of overthrust, through 

which the Nam-pang-yun has excavated a deep narrow gorge, 

the crushing has been of the most intense description, and the 
shear planes and fissures thus produced have afforded an easy 

passage for the mineralising agencies from below (see section, 

Petrology. 

Plate 24, fig. 2). 
The rhyolites of Bawdwin exhibit the usual phenomena observed 

in acid glassy lavas, such as flow, sphse- 

rulitic and perlitic structures, and corro¬ 
sion of the quartz phenocrysts. The ground-mass is always crypto- 

crystalline, and sometimes exhibits the peculiar structure of alter¬ 

nate light and dark areas under crossed nicols known as a 
* quartz mosaic.’ This structure is exactly similar to that which 

occurs in some of the Malani rhyolites of Western Rajputana,^ 

and in both instances the quartz phenocrysts are surrounded by 

a ‘ court ’ or closed area, the quartz of which is in optical 

continuity with that of the phenocryst, and extinguishes simul¬ 

taneously with it under crossed nicols. The Malani rhyolites are 

of pre-Vindhyan age, but Mr. Fermor ^ has shown that the same 

structure occurs in the lavas of Pavagad hOl, in the Panch Mahals, 

1 T. D LaTouohe, Geology of Western Rajputana, Mm.. Oeol. Sur. Ind,. 
Vol XXXV. Pf. 1. p. 83. 

2 Oi the lavas of Pavagad hill, Bec.^ Oeol. Sur. Jnd., Vol. XXXIV, Pt. 3, 
p|iw IW, 100. 
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Bombay Presidency, and that those lavas are intercalated with 

the Deccan trap, and are therefore of late Cretaceous (Maestricht- 

ian) age. The presence of this structure cannot be taken, 

therefore, as evidence of a similarity in ago between the Bawdwin 

and Malani rhyolites, but in other respects, such as the pre¬ 

ponderance of quartz phenocrysts over those of felspar, the absence 

of plagioclase felspar, and of augite, they resemble each other 

and differ from the lavas of Pavagad hill, as described by Mr, 

Former. Since the Bawdwin rhyolites are certainly pre-Ordovician, 

there is probably not very much difference in age between them 

and the Malani rocks. 

The tuffs, which form by far the greater part of the bulk of 

the rocks at Bawdwin, the flows of true rhyolite being exceedingly 

thin and of rare occurrence, resemble the latter superficially under 

the microscope, but are distinctly clastic in origin, and some¬ 

times contain fragments of the lavas, in which I have detected, 

in one or two instances, examples of the ‘ quartz mosaic ’ struc¬ 

ture referred to above. 

With these are associated beds of quartzite, shales, and sandy 

grits, in a few instances coarse grained and even pebbly; but 

the geological structure is so complicated that, in the absence of 

an accurate map on a large scale, and in the short time at our 

disposal, it was found impossible to work out the details of the 

structure. 

The ore occurs in the form of nodular masses of finely 

crystalline galena, i.ssociated also with 
Slodo of OOOlUTcncc of flM' ^inc blende, in which specks of copper 

pjTites aro disseminated, and as 

granules impregnating the felspathic grits, in wliicdi, as Mr. Coggin 

Brown observes, it appears to liave n^jflaced the felspar. Xo ore 

was found in any of the adits left by the Chinese miners, who 

appear to have worked it out entirely so far as they could 

roach it, but the nodular masses were found in a sectio" 

exposed by a slip, or perhaps an old quarry, at the upper 

end of the Bawdwin gorge (point 15 on map). Here they are 

imbedded in the grit, apparently coinciding wuth the bedding 

pianos, but the country rock is in so rotten a state that it is 

difficult to make out the original bedding. The largest mass found 

here actually in situ measured about 2 feet G inches by 1 foot. 

Along the zone in which the nodules occur the grits are also 

c 
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strongly impregnated with galena. They are also traversed by thin 

films of copper ore, azurite and malachite, deposited along the joint 

planes. The rotten state of the surrounding rock appears to be 

due to the formation of soluble sulphates and carbonates. There 
are no regular veins containing layers of the various minerals 

arranged in a definite order, and several of the minerals usually 

associated with galena, such as fluor spar and calcite, are absent. 

Strings and nests of white quartz are frequently to be found 

in the disturbed zone, but appear to have had no close con¬ 

nection with the development of the ore, Beds of massive 

barytes are also of common occurrence, but they were not 
found in direct association with the galena. In one spot (C on 

map) the barytes occurs in considerable quantity, in fragments 

up to a foot in diameter, scattered over the surface of a knoll 

over an area of two or three hundred square yards, and 

evidently derived from the outcrop of a large mass. A number 

of other minerals of secondary origin are found in association 

with the ores, and will be dealt with by Mr. Coggin Browm. 
Most of the old Chinese adits at Baw''dwin are situated in 

, a narrow gorge of the Nam-pang-yun, 
le mines. ^ point where it runs from north 

to south parallel and close to the zone of dislocation of the 

strata. The sides of the gorge, especially the eastern, on whitdi 
side the greatest amount of disturbance has taken place, iifForded 

a ready means of getting at the ore bodies by driving liorizontal 

or slightly inclined adits, obviating to a groat extent the neces¬ 

sity of getting rid by artificial means of water draining into the 

mines. Some of the excavations descend beloAv the level of the 
stream, and are now filled vnth w'ater, but it is probable that 

none of them extend to any great depth. Others were driven 

almost vertically upwards either to afford ventilation or to follow 

up rich bodies of ore, and were fscended by steps cut in the 

rock. It is probable that one at least was driven right through 

the hill into a narrow ravine (E on map) to the east (here¬ 

after referred to as the Eastern Ravine), where there are abundant 

traces of the ore having been washed from the angular talus 

with which the bed of the ravine is strewn, and as there were 

no furnaces here, it is evident that the ore so collected was 

taken into the Bawdwin valley to be smelted. The central por¬ 

tion pf this gallery, however, passes through very bad ground and 
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a good deal of the roof has fallen in, so that at present it 

is unsafe to traverse its whole length, though a fairly strong 

current of air passes through it, end it is evidently open all 

the way. 

Very little timbering seems to have been used by the miners. 

Indeed in most cases it was hardly necessary, because of the 

form given to the galleries, which are always erched at the top, 

and in bad ground are of an oval shape. They were so well 

designed that even now, after many years of neglect, many of 

them may be traversed in perfect safety. When the mines were 

first re-visited a few years ago, some of the galleries were found 

to be filled more or less with a sedimentary deposit of oxide of 

iron in a semi-fluid condition.^ There was surprisingly little water 

to be found in them at the time of our visit, but no doubt 

the influx would be greater during the rainy season. In one 

case at least means had been taken to drain off the water by 

cutting a trench alongside the foot-way of the gallery, and in 

another arrangements had apparently been made for ventilation 

by means of pipes, possibly bamboos, for a continuous recess 

had been cut along the side of the gallery at abodt a foot 

above the floor, ending at the entrance in a circular hole cut 

through the rock at the side. The galleries vary in height from 

about 3 feet to 5 or even 6 feet, and are usually well propor¬ 

tioned. At times they expand into irregular cavities, evidently 

places where large bodies of ore had been met with. This again 

indicates that the ore did not occur in regular lodes, but in 

masses or ‘ bodies ’ of irregular shape and size. There appears 

to have been no definite system of levels and headings, and in 

some cases one gallery has broken through, seemingly acci 

dentally, into another, but on the whole one was very favourably 

impressed by the excellence of the methods employed, especially 

when contrasted with the burrows, often not much larger than 

a fox’s earth, which one is accustomed in India to associate 

with any mention of native mining. Some of the ore seems also 

to have been extracted from open quarries, some of which are 

of very large dimensions, like that shown in PI. 13. 

The mines extend along the course of the stream for a 

distance of about. 3 miles to the point marked D on the map, 

1 C* H. H«nniker, Aftn. Journal, Vol. LXXIX, p. 62. 

o2 
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above which the banks are too far from the zone of disturbance 

to admit of the ore being reached in this way. 

Since the area worked by the Chinese was limited to that 

„ . . which could be reached without 
mture prospects. 

the gorge of the Nam-pang-yun, and downwards by the 

distance to which they could sink without being met with too 

great an influx of water to be dealt with in the absence of 

mechanical appliances, it is worth considering whether there is 

not still a large amount of ore left, which could be extracted 

profitably with a modern mining equipment. I see no reason 

to suppose that such is not the case, and that if the ore is found 

on assay to be sufficiently rich in silver and lead, a profitable 

mining industry should not be establishc<l again at Bawdwin. 

There is no reason to suppose that the overthrust, which has 

permitted the rocks to be impregnated with minerals, does not 

extend much further to the north, or that the rocks affected 

by it have not been mineralised in that direction. On the 

contrary, I am informed that the Chinese worked another locality 

to the north of Bawdwin, and that the traces of their activity 

are of the same description as at that place. In any case I think 

that the country should bo adequately prospected, but in order 

that this may be done an accurate map is absolutely necessary, 

for the present .l--iiich map, which is the only one available of the 

country between this and the Chinese frontier, is most unre¬ 

liable and even misleading. 

In order to reach the ground left unworked by the Chinese at 

Bawdwin, shafts would have to be sunk, either in the Bawdwin 

ravine or in the Eastern Ravine, or in both, and levels driven 

from them into the zone of disturbance. Shafts sunk in the 

Eastern Ravine would have this advantage, that as the over- 

thrust plane is inclined in this direction, there would be a loss 

distance of dead ground between the shafts and the ore-bearing 

zone to be passed through. The water discharge on this side 

also would probably be less, though I do not think that it would 

be great in any case. 

Sufficient remains are left of the old fxirnaces and other 

appliances of the Chinese to enable 
Chinese methods of treat- ^ ^ 

ing the ore, _ . 
their methods of treating the ores 
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and extracting the silver. The ore after being washed and dressed 

as described below, was smelted in the large furnaces (Plates 14 

and 15). These were placed in convenient positions on the hillsides 

at some distance above the bed of the stream, so as to allow 

plenty of room below them for dumping the slag. The furnace 

is of simple construction, consisting of a concave fire-clay bed or 

hearth of circuUvr or oblong shape, sloping from back to front, 

where it is nnrrowed, imbedded in a mass of clay concrete built 

up inside a wall of stone or large bricks. The hearth was heated 

from beneath by three flues, the roof of which was supported 

by rods of fire clay, radiating from the back of the fire hole. 

The ore was mixed with charcoal, of which a considerable ([uan- 

tity is still left in the slag. As the reduction proceeded the 

lead ran down to the front of the hearth, and, percolating 

through the mass cf fuel and ore filling the front of tlie fur¬ 

nace, collected in a hollow beneath the flues 

1 NotC' *>y Mr. Brown.—It is interesting to noto that this typo of 
fiirnaeo clifTors considerably from the one in use amongst tho Chinese iiiYiin-nan 
at the present day. The latter is a true blast torracL* usually from 8 to 10 
foot high. With a roughly scjiiaro shaft in which the reactions ttake place. 
Attci a vory thorough roasting of the load ores, tlicy are smelted with char¬ 
coal in furnaces of this ly|>o, I ho reducjtion being brought about by moans 
of a blast which enters tho furnace near tho bottom, and is produced by a 
cylindrical blower of the ordinary Chiiioso pattern worked generally by a water 
turbine. Tho molten load is t ipped from time to time iiom a hole in tho 
lower part of tho side of tho furnace, whilst tho slag flows out continually 
through a slag-holo in the front. 

This method is a true ‘‘Koast and Reduction jirocess. A careful study of tho 
remains of tho Bawdwin furnaces has led to tho belief that tho method used tliore 
belonged rather to the class of “Ro'st and Reaction” processes, for the furnaces 
are of an oj)en hcartli-liko type, and do not appear to have boon fitted with any 
contrivance for producing a blast. Such open furnaces would bo more suited 
for the smelting of tho lead minerals of this |)artiouIar district. After washing 
and concontiating the oros, at both of whicli jnocessos tho Yun-nanese are very 
export, a high grade matorlal was doubtless ready to commence with. This in 
the case of the Ba‘*»'dwin ores was in all probability a mixture of lead sulphide 
and sulphate, as gaUma and anglositc. 

This mixture, which may have been submitted to a preliminary roasting, was now 
mixed witJi charcoal, tho purpose of which was to servo as fuel and also to holp 
ill tho reduction of a part of tho sulphide; and then treated in the furnaces 
dcseribtHi above. Tho teiU|)oraturo at first would be kept low so as to bring about 
an oxidation of the .sulphide hito suljihate and o^ide, and later would bo raised 
so as to cause those. compounds to react on tiio iinaltorod suljihide, resulting in 
the production of metallic lead and tho liberation of sulphur dioxide. 

That such IS probably the true int.ipnlatioii cannot bi* doiiblixl after an 
inspoetiou of thi> furnace remains, which belong to the hoarth-liko grouji suited 
for those reactions, and are not of the shaft tyi)b fitted with tiiyer.s for blowing. 

The composition of tho slags lends strong (*onlirm«tioii to this view, for they 
contain upwards of 47 per cent, of lead, which might easily boobt^ainod in a 
“Roast and Ueaotion ” process, but would not result from a “Roast and Rcduc- 
tioa treatment in a blast furnace. 
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The smaller furnaces (Plates 16 and 17) were, it appears 

from what I have been told by Mr. Freymuth, built by Kachins 

after the departure of the Chinese, in order to smelt the lead 
remaining in the slag. The design was apparently copied from 
the original Chinese furnaces, but they are built on a much 

smaller scale. The method employed in smelting has been de¬ 

scribed on page 237. 

Where the ore was much mixed with gangiie, or disseminated 

through the grit, it was pounded up in mortars, about a foot in 

diameter, one of which is seen in the foreground of PI. 19, 
hollowed out of solid pieces of grit or sandstone, and then 
washed. A piece of ground in a convenient spot, where water 

was easily available, was levelled, and at one side one or two 

shoots, sloping at an angle of 30 to 40 degrees, and paved with 
flat stones, were constructed. Beside the floor a tank 8 or 10 
feet square and about 2 feet deep was built for holding water. 

The crushed ore was heaped on the levelled space and was 
gradually washed down the shoots with water thrown from the 
tank, the lighter material being carried away in the rush of 
water, while the heavier ore was left behind (PI. 18). 

These floors were also used in separating ore from the talus 
of sandstone fragments filling the bottom of the ravine, and 

extend down the valley for nearly a mile below the mines. 

The lead was cupelled in beehive shaped furnaces (PI. 20, 

fig. 2), several of which are left in a very good state of preser¬ 

vation- The measurements were taken from one of a row of 
twelve, built against the hillside near the left bank of the stream. 

These round furnaces appear to have been used for a preliminary 

extraction of the silver, the final purification being effected 

in the square furnace (PI. 19, and PI. 20, fig. 2). Two 
of these remain, and were evidently considered to be of 

more importance than the others, since they are enclosed in 
a solid stone building which was probably roofed over. Outside 

the door of this is a stone table on which the silver may have 
been weighed and packed for despatch. 

In addition to these furnaces the remains were found of two 
or three small blast furnaces of the ordinary native type. These 
were apparently used for assay purposes. Close to one of them 

I picked up a sandstone mortar which could only have been used 
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for crushing very small quantities of ore as it is only about 3 

inches in diameter. 

The Chinese do not appear to have made any use of the 

Copper ores. “P?". >" ‘h', »«. r* 
it IS m such small quantity that it 

probably would not repay the expense and labour of smelting 

it in any case. They, however, extracted and smelted a small 

amount of copper ore near the village of Loi Mi, about 3 miles 

west of Bawdwin, where several heaps of copper slag are still to 

be seen. The excavations here are very small in extent and 

were evidently made for prospecting purposes only. Similar 

heaps of copper slag and small excavations are to be seen near 

the head of the Nam-pang-yun, west of the Bawdwin mines. 

II.-THE ORE DEPOSITS AND SLAGS- 

By J. Coggin Brown. 

Mr. LaTouche has already given an account of the geology 

of the district around the Bawdwin 
lutiodiictioii. mines. He has also dealt with the 

history of the Chinese occupation there, and has described in 

detail the methods then used in winning and smelting the ores. 

I accompanied Mr. LaTouche to Bawdwin in February 1907, and 

had then an opportunity for examining the ore-deposits and for 

collecting minerals, as far as circumstances would permit. These 

notes are based on observations then made and on the results 

of the examination of the specimens collected. 

At the present time it is not possible to make a thorough 

study of the ore-deposits. The whole 
Limits of iiivostijration. ^een well opened up 

by the very extensive mining operations conducted there in the 

past, yet owning to the collapse of the old workings but little 

can be learned from them now. Some of the adit levels have been 

re-opened by the Great Eastern Mining Company, and found to 

be constructed with no small degree of engineering skill, and to 

extend sometimes for considerable distances. I have examined 

most of those and have come to the conclusion, both from their 

large size and also from the absence of ore in them, that they 
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represent the travelling-ways or haulage-roads of the mines rather 

than the actual workings in the ore-bearing strata themselves. 

Attempts wore made to enter the smaller workings in the hope 

that ore might be discovered in situ there, but owing to the de¬ 

composed condition of the rock, and the consequent danger of 

being crushed by falls, these had to be abandoned. There are, 

liowcvcr, various ore-bodies which have not been worked to any 

extent by the tUiinese and which crop out on the sides of the 

gorge. In such positions the ores have become very generally 

oxidised, both from exposure to the air and from secondary 

alteration by surface waters, and consequently the true interpre¬ 

tation of their original condition is somewhat interfered with. 

Any conclusions which may be arrived at in these notes are 

therefore not to be regarded as final, for the many problems 

wliich present themselves in questions of this kind can only be 

definitely solved after a detailed examination and careful study 

of the whole of the underground structure of the area has been 

made. 

As defined by the limits of the ancient Chmese workings, the 

metalliferous area at Bawdwin is a 

whole or their mmes arc confined to 

the north of the main stream, which is known to the Shans 

as the Nam-pang-yun and has been re-named the Sterne lliver 

by one of the European corapauies holding the mining rights 

for the district. The orc-dejoosits have been worked from both 

sides of the hill wliich lies between this river and its tributary 

stream in the E. R. valley; the Chinese miners taking full use 

of the advantages offered them by the narrow gorge-like 

valleys in the construction of their levels. 

A.S thus defined by the extent of the ancient workings, the 

^ . . ore-bearing ground is comyirised in an 
l.xteii( of oic-biariiig u ^ 11 i i i i ^ 

about mile long and between 

1 to } mile broad at its wider parts. 
This area comes entirely within the Bawdwin Grit and Rhyolite 
group of Mr. LaTouche- 

Thc immense amount of material which has been taken from 
this ground in bygou(3 days is only realised after seeing the 

number of adits which have been constructed (about 300 old opeu" 
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ings—tunnels, shafts, and open workings—are said to have been 

counted by the engineers of the present Company), the remains 

of furnaces scattered over different parts of the valley, and the 

great heaps of slags which bear eloquent testimony to the quan¬ 

tity of ore smelted. 

A melancholy confirmation is added by the large graveyards 

which cover the hillsides in some places, and bear witness to 

the heavy toll exacted both by the climate, and the deadly 

nature of the work, from the numerous ranks of the miners. 

Accessible ore-bodies- 

There are places where ore can be seen in situ exposed 

“ to day,” which for some reason have 

not been extensively worked by the 

Chinese. The ore-bodies all crop out on the hillsides to the 

north of the Platform. Whilst at the miixcs I was unaware 

of the fact that names had been applied to these different 

localities, but from the ^map which accompanies a manuscript 

report by Mr. Maclaren I have been able to make them out as 

the Jail, Maitland, Doormouse, and Amphitheatre workings. 
\ 

The ores which can be seen in these consist chiefly of galena 

and zinc blende, associated sometimes 

with small amounts of iron pyrites 

and chalcopyrite. 

Mode of occuiTciice of ore. 

Other minerals, as anglesite, cerussite, malachite and azurite, 

derived in all probability horn the sulphide ores, are fairly 

common in some of these open workings. The ores do not 

occur in veins or lodes, but as impregnations in bands of the 

country-rock, wliich usually consists of a coarse rhyolitic tuff 

which contains small rock fragments and f gooa deal of quartz. 

Occasionally only a small amount of the suljfludcs is seen distri¬ 

buted in an irregular manner through the rock. At other places, 

as in the Upi)or Maitland area, the ore-bearing band varies from 

1 to 2 feet in thickness and consists largely of galena and zinc 

blende; the country-rock being sometimes entirely impregnated 

with these minerals. 

The largest open workings are those of the Ainjihitheatre, 

but this great excavation, which forms a feature of the landscape 

for miles around, has doubtless been partially formed by land¬ 

slips (PI. 13). 
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It is difficult to understand why the ancient Chinese workers, who 
^ - 1 I honeycombed the Bawdwin mineralised 
Ores iHincd by Chinese. ^ x i , -.v, r * 

fcrea above water level with a perfect 

labyrinth of levels, cross-cuts, stopes and shafts in search of ore, 

should have left urimined these ore-bodies which crop out on 
the hillride, and which certainly contain much argentiferous 

galena. The only reason seems to be that the unusual amounts of 

zinc ores here associated with tlie galena presented to them diffi- 
culties in smelting which could not be overcome. This naturally 

leads one to suppose that the ore which was mined in the under¬ 

ground workings may have been different from that now seen in 

these open air exposures, and iray possibly occur in some other 

manner, but this must remain an open question until further 

development has taken place. 

It is very difficult to say what the petrological characters of 
the unaltered country-rock were, owing 

nctainoi'phisiii of the intense dynamic metamorphism 
count IJ *1OCK* 1 ji 

wnich naa taken piace in the vicinity 
of the ore-bodies, and which has led not only to a mechanical 

effect in smashing up the rock and so rendering it permeable to 

mineralising solutions, but hag also been the cause of important 
miueralogical changes. 

I am, however, inclined to believe that the rock originally was 

a coarse rhyolitic tuff containing a large percentage of rock 
fragments. Felspathic grits, quartzites and thin bands of true 

rhvolites are all found in more or less direct association with the 
t/ 

tuff beds themselves. The grits especially have been affected by 
the general mineralisation which has taken place. 

Very often the entire rock has been so altered that it now consists 

largely of quartz grains set in a mosaic 

.cK'lSc!'" giving it in h..d 
specunons the appearance of a fine¬ 

grained grit. Under the microscope, the mosaic is often almost 

crypto-crystalline, but sometimes it is developed on a larger scale, 

and each unit is seen to be quite homogeneous and fitting into 
the inequalities of its neighbours. In other sections after the 

total replacement of a felspar crystal by galena, it is often noticed 

that tliere are thin minute crystals which have not been replaced 

and which pierce the pscudomorph in all directions. These 
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appear to be muscovite formed by the metamorphism of the felspar, 

before the mineralisation of the rock. The felspar would be much 

more liable than the more stable mica to be attacked and replaced 

by the galena. 

As far as the open workings of the Upper Maitland district 

Foniiatlon of Ihe «m. '""“mod (from which .11 the .peel- 
mens here referred to came), the man¬ 

ner of formation of the ores was essentially a process of meta- 

somatic replacement of the minerals of the country rock by metal¬ 

lic mineraL probi.bly carried in solution. The galena and other 

sulphide ores, zinc blende, pyrites and chalcopyrite, attacked first 

of all the felspar in the rock. As the replacement went on the 

mosaic-like ground-mass gave way to the sulphides, and finally the 

quartz grains themselves were partially or entirely replaced. 

Specimens can therefore be found, showing only a very small 

proportion of the original minerals replaced by sulphides, through 

others composed of sulphide ores and a large amount of quartz, 

to those which consist almost entirely of sulphides with very little 

quartz. The microphotographs on Plates 21 and 22 are intended to 

show examples of these structures. Plate 21, fig. 1, shows a thin 

section of a typical Bawdwin rhyolite (slide No. 5849 G. S. I. 

collection), exhibiting flow structure. Fig. 2 of the same plate 

shows the almost complete replacement of the minerals of the 

country rock by galena (slide No. 6734 G. S. I. collection). On 

Plate 22, fig. 1 (slide No. 6732), is given a representation of a partial 

replacement by galena and fig. 2 (slide No. 6735) is intended 

to show the commoncen)ent of the replacement of the ground- 

mass of the rhyolitic tuff by the same lead mineral. 

The ores found in the open deposits consist as a rule of galena 

Remarks o. the ores. »»oei.ted with simII 
quantities of iron and copper pyrites. 

As a rule, if copper pyrites is present with the galena, the amount 

of zinc blende is much less. All the sulphides except zinc blende 

hi:ve been found occurring alone in small amounts. 

As regards the order 

Order of deposition of 
the sulphides. 

of deposition of the sulphides, the mi¬ 

croscopic examination of various speci¬ 

mens shows that iron and copper sul¬ 

phides when present with the others were 
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the first to be deposited, for they have been found in grains 
surrounded by galena, the converse arrangement not having been 

observed. In the case of the lead and zinc sulphides, the rela- 
tionahi])S arc somewhat ambiguous. Galena lias been found sur¬ 

rounded bv, and also surrounding zinc blende. The latter is by 
far the commoner case, and it may be assumed that as a general 

rule tlie zinc blende was deposited prior to the lead sulphide. In 

mo.st of the sections which were examined the two sulphides of 

lead and zinc occur in small grains scattered indiscriminately through 
the rock. It is remarkable, however, that in some instances the 

sulphides are seen to be growing more or less separately, giving 

the ore a banded appearance under the microscope. 

The oxidised ores malachite and azurite arc found filling cracks 
ami small shear planes in the meta- 

Occurreiice of oxidised jQoppiio,sed rock. They do not aiipear 
Ol^iS ^ 

to replace any particular niineral. 

Anglesitc and cerussitc are often found in cavities in the galena- 
bearing rock, evidently close to tho mineral from which they have 

been formed. 

It must not be inferred from these brief remarks on tho order 

of forinidion of the ores that the dej)ositiou of any one particular 

mineral over a large area went on for a certain period and then 

ceased, to be followed by the deposition of another. In all pro- 
bability the de))osition of all the minerals was proceeding in 

different places at the same time, and the order cop[K*r and iron 

pyrites, zinc blende and galena rejircsouts broadl} the general rule 

for deposition only with respect to the area from which the S])oci- 

mens examined came. 

Mr. LaTouchc has shown that the intense metamorjihism of 

^ ^ , tho grits at iiawdwin in which tho ore- 

lliorpliism, deposits occur is duo to reversed 
faulting. To (jiiote liis words: Owdng 

to the two lines of faulting which unite tliere tlic most intense 

amount of dislocation and crushing has taken place. Over a broad 

zone parallel with tlie plane of the overthrust tlirough which tho 

Nam-pang-yun has excavated a deep narrow gorge, tlie crushing 
hirs been of the most intense description tnd tho shear planes 

and fissures thus produced have ^afforded an easy passage for the 
mineralizing solutions.” i 
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Professor J. W. Gregory, F.E.S., has recently shown how the 

distribution and origin of the ores of 

lyJiiS&uurirrs- ly-''to Ta,. 
mania. mama is entirely due to the fault 

system there. A great overthrust con¬ 
nected with a series of parallel cross faults and thrust planes 

has crushed the local schists and rendered them permeable to 

solutions containing copper and iron, with some gold and silver 

salts in solution, which Professiir Gregory thinks rose along the 
great Mount Lyell fault.^ The theory of the origin of the Mount 

Lyell ores is practically identical with that advanced by Mr. La 

Touche to account for the ores of the Bawdwin metalliferous area. 

The more important minerals found at Bawdwin, 

Lead sulphide, PbS, is usually found disseminated in irregular- 
„ I shaped grains in the country rock. 

The grams vary in size from a few 

millimeters in diameter to large aggregations of the mineral^ It 

has been shown previously that the galena has metasomatically 

replaced the minerals of the rock in wdiicli it is found. When 

this replacement is practically complete the lead ore becomes mas¬ 

sive and compact, whilst the broken surface of a freshly fractured 
specimen exhibits a glittering appearance due to the brilliant 

cubical cleavage-planes. 

Sometimes the separate disseminated particles exhibit a distinct 

crystalline form and show the cubical cleavage well. 

Galena, associated with zinc blende and other minerals, is 

found in all the ojieu-air w^orkings at Bawdwin, more especially in 

those of the Jail and Gpper Maitland areas. Argentiferous galena 

doubtless constituted the main product for which the mines were 

worked in ancient times. A picked specimen of the galena-zinc 

blende ore from the Upper Maitland area assayed in the laboratory 

of the Geological Survey of India by Mr. T. R. Blyth was found 

to contain 47*87 per cent, of lead, a little zinc, traces of gold, 

and 87 ozs. 14 dwts. 4 grs. of silver to the ton of lead. 

1 “'File (lonloffioal plans of sonio Aiislralian Mining Fiolda** by J. W. Gregory. 
f’.R.S., Soiencp Progress, Vnl. I, p. 117. 
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The galenas of the Shan States and of the neighbouring pro¬ 

vince of Yiin-nan in China appear as a rule to be very rich in 

silver, as the following analyses show:— 

Amounts of silver in piched specimens of galena from the Shan 

States and the Province of Yiin-^nan {in Western China)- 

Locality. 

Amount of 
pmvER. 

Per ton of 
lead. 

Analyst. Collector* Date. 

OZ8. dwts. grs. 

Bawdwin 87 14 4 T. R. Blyth J. Coggin Brown. 1907 

Kyot You (in Yun-nnn) 104 10 6 A. Tween Dr. J. Anderson. 1 
1 

1870 

Ponseo (Kachin Hills) . 73 10 0 Do. T)o.l 1870 

Kakhyeen country . 63 14 8 Do. Dr. Clement WilliamsZ 1863 

Lead sulphate, PbS04. Angles!te is a common mineral at the 

Aii«1esite mines, but is especially abundant at 
the Upper Maitland workings, where 

beautiful crystals can be obtained. 

The usual form assumed by these crystals is that of a simple 

orthohombic prism, elongated somewhat along the vertic^al axis, and 
generally terminated by pyramidal faces. Many of the crystals 

are by no means so simple as this, the pyramidal faces being es¬ 

pecially liable to a variety of combinations which cannot be deci¬ 

phered without crystallographic measurement. Tabular crystals, 

formed by growth parallel to the C axis are of rare occurrence, 

whilst a massive variety is sometimes found in small quantity as 
a coating on galena. As usually foimd, the crystals are coated 
with a thin opaque film of a white substance, which being at once 
removed by dilute acid may consist of lead carbonate. All the 

specimens collec+^ed are quite colourless, and are often transparent, 
whilst their brittleness is especially noticeable; generally they 

1 Geology of India, Pt. 3, Economic Geology, by V. Ball, 1881, p. 237. 
Through Burmah to Western China, by Clemept Williams, 1868, p. 31, 
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Cerussile. 

Bar; te8< 

possess an adamantine lustre, but crystals with a duller and 

more vitreous lustre have been noticed. 

Anglesite was probably mined by the Chinese; it is certainly of 
economic importance at Bawdwin to-day. 

Carbonate of lead, PbCOs- This mineral is found at Bawdwin 
in association with anglesite and galena, 

and more rarely with malachite and 
azurite. It occurs in tabular orthorhombic crystals which often 
form penetration-twins. The crystals are usually tinged blue or 

green by salts of copper, but colourless specimens have been 

observed. 

Barium sulphate, BaS04. This is a fairly common mineral, 

but it has not been noticed in direct 

association with any of the sulphide 

ores. Mr. LaTouche remarks that “at one spot (C on his 
map) it occurs in considerable quantity, in fragments up to a 

foot in diameter, scattered over the surface of a knoll over an 

area of two or three hundred square yards and evidently derived 

from the outcrop of a largo mass.’' 
It has not been found as crystals, but occurs massive in 

coarsely grained aggregates, which are often full of small cavities. 

The broken surfaces of some of these masses show a platey struc¬ 

ture with curved surfaces and a vitreous lustre. 

Owing to the presence of cavities the results of determination 
of the specific gravity are liable to be slightly low. One speci¬ 

men from the Amphitheatre gave a spe(.*ific gravity of 4'4. 

Sphalerite, or Black Jack. Zinc Sulphide, ZnS. This mineral, 
which constitutes the chief ore of 
zinc, is (‘ommon at Bawdwin, especial¬ 

ly at the Lpper Maitland and .Jail workings, where it occurs as¬ 

sociated with galena, and sometimes with galena, iron pyrites and 

chalcopyrite. It has been observed in massive bands of a blackish- 

brown colour, and granular lustrous appearance, this being pro¬ 

bably due to the shining dodecahedral cleavage planes exhibited 

by each grain. 

As a rule, however, it occurs with the galena in a much more 

intimate manner than this, the minerals being associated on a 

practically cryptocr3"Stalline scale. The blende is then not usually 
recognisable until sections of the ore are examined under the 

cpicroscope, when it is at once ili^tinguiahed from the galena by 

Zinc blende. 
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its semi-tronspi rency and its brown colour. This somewhat un¬ 

usual occurrence is readily understood when the formation of 

the minerals by metasoinatic replacement is remembered. 
The Bowdwin zinc blende appears to be much less liable to 

decomposition and oxidation than the grlcna with which it is found. 

Up to the present, as far as is known no attempt has been made to 

extract zinc at Bawd win, the position of affairs being strictly comparable 

with that in oilier parts ot the world where similar associations of lead 

and zinc sulphides arc found, and where very often in the past the lead 

ores alone have heen smelted. 
Copper pyrites, CiiFe82. This mineral has been noticed in 

Clialcopyritr small amounts at the mines. It has 
not been found in crystals, but always 

occurs in small grains disseminated in the country-rock, generally 
accompanied by galena and iron pyrites. In many instances the 

grains are very small. The L rger ones are of a brilliant brass- 

yellow colour when not tarnished. 
With regard to the commercial importance of copper pyrites 

at the mines to-day it is not possible to offer any definite opinion 

until further (xploratory w'ork has been done, the information at 

present available being much too vague. It is stated by Sir George 

Scott in the “ Gazetteer of Upper Burma and the Shan Stc^tes”^ 

thiit one or two mines were worked for copper alone. 

Indications are not wanting that extended search would result 
in the discovery of other minerals containing copper and sulphur 

at Bawd will. 

Iron disulphide, FeSo. This mineral is not uncommon, and 

occurs widely distributed, being often 

accompanied by (‘halcopyrite. It 
usually occurs in small grains, but has been observed both in the 
icnssive and crystalline states. In one specimen, crystals of 
anglesitf Imve grown on massive pyrites. 

r>asic cupric carbonate, CuC03.Cu(0H)^. This carbonate of 

nalacliite. copper is noticed w^herever copper ores 
are found at Bawd win, and from 

its briglit grfcn colour cannot easily be mistaken. Usually it 
occurs in thin lamelisc- along the shear-pianos of the country rock 

with no well marked crystalline structure, but one small specimen 

Pyrites. 

IGazettt'er of Up])cr Burma and the Shan States. P(. 1, Vol. 2, p. 303 
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which was picked up in the bed of the Nam-pang-3nin stream 
exhibits a well marked botryoidal structure with a silky lustre on 
its fractured surface. No well developed crystals were collected, 
though the mineral was rarely seen in groups of very small 
acicular prisms. Malachite is invariably found in association with 
azurite. 

Chessylite, basic cupric carbonate, 2CUCO3, Cu(0H)2. The 

Azurite blue copper carbonate occurs in the 
same way as the malachite with 

which it is always associated, in thin films impregnating the 
country rock. Groups of small tabular crystals of azurite are not 
rare, the best specimens being obtained from the Upper Maitland 
workings where the mineral is found associated with malachite, 
anglesite and cerussite. Both malachite and azurite occur as 
coatings on anglesite at this place, and both carbonates are 
doubtless derived from the oxidation and alteration of chalcopyr- 
ite. Both copper carbonates have been found as thin coatings 
on pieces of rhyolitic rock, which was not however seen in aitu. 

Smithsonite of Dana, carbonate of zinc, ZnC03. Calamine 
(presumably the carbonate) ha's been 

Calamine. recorded from Bawdwin by S. Henni- 

ker, Esq., A.R.S.M.^ Amongst my own specimens from the same 
place, there is one in which anglesite crystals are coated with a 
thin bluish botryoidal mineral which I believe to be calamine, 
but the quantity is too small to permit of cliemical determina¬ 
tion. 

Notes on the Slags. 

The Chinese, from the commencement of their operations in 
the 14th century until the year 1808 when they finally abandoned 
the mines, apparently worked and smelted the ores chiefly for 
the silver which they contained, allowing the greater part of the 
lead compounds and probably the whole of the zinc to run into 
slags. Great heaps of these extend at intervals for over two 
miles along both banks of the Nam-pang-yun. The location of 
the smelting furnaces appears to have been dependent on sites 
suitable for fuel and for water for dressing the ores, rather than 
on close proximity to the levels themselves. 

1 Miffing Jan, 16, 1906, p. 52. 

P 
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It is unnecessary here to enter into the details of the metal¬ 
lurgical processes by which the ore was treated; this has already 

been done by Mr. LaTouche. Whatever may bo said regarding 

the waste of lead and zinc by the ancient workers, it must be 
admitted that in the extraction of silver they attained very fair 
success. Granting that by the preliminary operations of washing 

and dressing the ores the Chinese were able to commence with 

a practically pure galena, and granting that the silver content 

of the Maitland ore be taken as a guide, then we may assume 
that they started with material carrying upwards of 80 ozs. of 
silver to the ton, whilst they finished with a slag containing 

roughly 1 to 2 ozs. to the ton. Of course modern methods of 
silver extraction would do better than this, but taking all 

things into consideration the Chinese methods though crude were 
essentially successful. 

The slag or lead matte itself usually consists of heavy, dark- 

coloured, porous material sometimes of a vitreous aspect, but 
more often stony in appearance. It is largely intermixed with 
charcoal, doubtless the remains of the fuel by which the ores 
were reduced, and it is permeated by small shots or spherules of 
metallic lead. 

Some of the more ancient heaps are now largely intermixed 
with debris and rubbish which has fallen from the hillsides, but 

it will not be a difficult matter to extract the valuable material. 
The slags as the following analyses show contain large quantities 
of lead and zinc, and small amounts of silver:— 

Partial analyses of slay from Bawdwin. 

Lead. Zinc. Silver. 

47‘8 per cent. 16'7 per cent. 2} ozs. per ton. 

49*33 18-20 1 oz. 15 dwts. 22 grs. and 
traces of gold per ton of 
lead. 

\ by Bewick, Moreirg & Co. of London, based on 236 sumplce. 
2 by T. B. Blyth (lead and silver) and J. Coggin Brown (zinc), based on 

eight samples. 

Small amounts of copper, arsenic, iron, aluminium, manganese, 

calcium, silica and sulphur are also present, but not in t^uantitiee 
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large enough to make them of industrial importance. The small 
amounts of sulphur are noteworthy as they probably indicate a 
preliminary roasting of the sulphide ores. It is, however, not 
uncommon to find small lumps of undecomposed galena in the 
slag. The heaps are quite accessible and the amount of slag 
recoverable has been variously estimated at from 110,000 to 
125,000 tons. Although, for want of time, I had no opportunity 
of personally verifying those estimates, yet judging from the 
number of trial pits which have been sunk the heaps have been 
very thoroughly prospected- 

Tlic smelting of ores of lead which arc contaminated by zinc 
compounds is often a matter of 

I ag Sine till;?. considerable difficulty and is liable to 

be attended with a heavy loss of the metal sought for unless due 
precautions are taken. It is doubtful if any impurity can act 
more injuriously than zinc blende when present in large amounts- 
There arc many processes by which such mixtures as the 
Bawdwin .slags constitute may be successfully smelted, but it 
would be premature to enter into a discussion on their relative 
merits at present, for much depends on the location of the 
smelters with regard to a good fuel supply, and other details of 
a similar nature, and more still on the observed behaviour of 
the material when smelting experiments are performe<l upon it. 
The slags should certainly prove a valuable source of lead if 
tlieir treatment be approached in a scientific manner. 

The Burma Mines Railway and Smelting (A)., lAd., who at 
present are the owners of the mining 

Some ccoaoillic coiisi- j-ights of the Bawdwin property, took 
I ei a ions. from the Great Eastern Mining 

Co-, Ltd., their partially constructed railway to the mines, and are 
now engaged in carrying it forv^ard.^ On completion of the line, 
the Company pro2)ose to proceed witli the smelting of the slags 

before undertaking the development of the mines. 

From my examination of the slag I am convinced that the 
greater part of it-s metallic contents is recoverable, provided due 

regard be paid to its somewhat comj)lcx constitution in the 
choice of a proper method of treatment. It must not be for¬ 
gotten, however, that the amount of available material is strictly 

1 Since the above notes were written, this line has been completed and smelters 
have been, erected on Mandalay shore. 
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limited, and once operations are commenced tbe end, so to speak, 
is near. For this reason it is recommended that exploratory work 
in connection with the mines be commenced as soon as possible. 
It is impossible at this juncture to express any opinion as to 
the value of the ore-bodies which were not worked greatly by 
the Chinese, as their direction and extent is quite unknown. 

There is little doubt that the Chinese workings were limited 
in depth by the level of the Nara-pang-yun stream, and that 
being possessed of no efficient drainage machinery the ancient 
miners were unable to work far below that level. It is reason¬ 
able to expect to find at no great depth valuable ores which 
could be easily won if a modern pumping installation were intro, 
duced. 

As these questions, which are of such vital importance to the 
healthy development of a successful mining industry at 
Bawdwin, could bo so easily settled by exploratory bore holes, 
one cannot urge too strongly the necessity for this kind of work. 
Mr. LaTouche, by a study of the geological structure of the 
district, has armounced the most favourable part of the area for 
bore-hole sites, with a view to determine the position of the 
underground ore-bodies. 

It is to be hoped that an attempt will be made to utilise the 
zinc ores which have been totally neglected in the past, but 
should at tile present time prove of much value. Too little 
is known about the copper ores to enable any definite opinion to 
be given as to their value, but the Chinese are said to have 
worked two levels solely for the metal, and copper slags were 
found near the Kachin village of Loi Mi on the road from Nam 
Hsan to Bawdwin. 

A picked specimen of sulphide ore from the Upper Maitland 
area assayed in the Geological Survey Office showed a large 
percentage ot copper, and promises well for the value of the ore 
if it is found in larger quantities on further exploration. 

I agree with Mr. LaTouche’s remarks on the necessity for a 
thorough examination of the surrounding country, and on the 
preparation of accurate maps, without which it is impossible to 
prospect in a proper manner. 

In the event of the development of a mining industry at 

Labour oiK^atinii Bawdwin, the question of the supply 
* of labour is one which wiU demand 

attention. To recruit coolies from the inhabitants pf the 



country would certainly be the least expensive method of solving 
the problem, but it is to be feared that the Shans would prove 

practically useless for work of this kind. My own experience of 
these people agrees so well with that of Mr. R. R. Simpson of 
the Department of Mines that I cannot do better than quote 
his words^— 

“The Shans although a charming race socially, and physically fitted for 
labour, are contemptible as workinon. Owing to the fertility of the soil, 
they have abundance of food and raiment and comfortable houses wherein 
to dwell. Under these conditions Uiey lead a contented life, and, perhaps 
wisely, fail to see the necessity for hard labour. The ono thing they lack 
is ready money, and in order to supply this deficiency they will condescend 
to do a very moderate amount of work at double the rates of pay prevailing 
in India. To work on two consecutive days would appear to them to be 
mere foolishness, and besides this every fifth day they must attend the nearest 
bazaar in order to hear the news and enjoy a friendly pipe with acquaint¬ 
ances from neighbouring villages. Except for light tasks the Shans must bo 
left out of count in the recruiting of a labour force.” 

The question, therefore, resolves itself into the use of Chinese or 

Indian labour, or a combination of both, for it is very doubtful if 

Burmese labour would be satisfactory, for the national traits of 
the Burman and Shan are very similar. 

Considering the skill in mining with which the Yunnanese are 

endowed it would certainly be found best to employ them for 
this kind of work They are as a rule strong and very indus¬ 

trious men, somewhat undisciplined perhaps, but this fault could 

easily be overcome by good management. Indian labour could 
of course be imported, but it would be costly and certainly not 

so good as Chinese. There is also the racial difficulty to be 

taken into account, for during earlier exploratory work at the 

mines when Indians and Chinese were employed together, quarrels 
were frequent and free fights are said to have only been pre¬ 
vented by the exercise of great tact. ! 

Taken, therefore, on the whole, it will bo best to employ 

Yunnanese as much as possible, for on all points they have more 

to recommend them than any other available race. 

By existing paths the mines are very inaccessible, and to get 

Trausportation. 
to them tedious journeys over mtde- 

tracks of the usual kind found in 

mountainous frontier districts have to be made. A light railway, 

however, is now under construction, and when completed 

1 See J?cc., O^L Surv. /tul., Vol. XXXIII, pt. 2, p. 143- 
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connect the mines with the station of Manhpwi, which is a few 
miles above Hsipaw on the Shan State branch of the Burma 

Railways. This light railway will be some forty miles long, and 

will place the mines in direct communication with the port of 
Rangoon at a distance of some five hundred and ninety miles. 

Transportation by water along the Nain-Tu river from Hsipaw 
has been proposed, but there are difficulties in connection with 

this method which 1 believe are unsurmountable. The Nam-Tu 

river, like most of tlie streams of the Shan States, is frequently 
crossed by tufa bars and dams, which besides making navigation 

excessively dangerous, if not impossible, create rapids which no 
boat can cross. At places along its course the river flows in 

deep and narrow gorges which present another groat obstacle to 

the use of boats.^ For these reasons I consider that transportation 
of the ores or finished material by water is quite out of the 

question, although it would have been by far tho cheapest method. 
The Bawdwin ores as far as can be gathered from material 

General conclusions. 
left by the ancient Chinese, consist of 

argentiferous galena with smaller quan¬ 
tities of zinc blende, iron pyrites, chalcopyrite, and various 

other minerals derived from these. 
(2) The ore deposits at present visible do not occur in veins 

or lodes, but in bands of rock impregnated with minerals. 
(.*3) Whilst the greater part of the area above water level has 

been exploited in the past by the Chinese, there is a good chance 
of meeting with payable ores at greater depths. Exploration for 

this purpose by means of borings is strongly advocated, together 

with the tiareful and systematic, prospecting of tho surrounding 
district. « 

(t) The slags left by tho Chinese workers are rich in lead and 

also contain a good deal of zinc. There a2>pcars to be no reason 
why they should not constitute a valuable source of these 

metals, if their treatment be approached in a scientific way. 
(5) In case of mining developments at Bawdwin, tho question 

of a jabemr supply will have to be faced. Considering the 
natural aptitude fo- mining which the Yunnanese display, combined 

with their industry and endurance, it is concluded that it will be 

best to employ them in preference to Indians, Burmese or Shans- 

1 Mr. La'rouchc, who has travelled alonj? ihe. greater part of the Nam-Tu valley 
in the Shan States, infotms me that below Tong Ang ferry south of Hsipaw the 
gorge is abHolutdy impassable by boats. 



Part 3.J LaTouche and Brown : Bawdwin. 263 

EXPLANATION OF PLATES. 

Plate 12.—General view of Bawdwin, showing j character of scenery, 
and slag heaps in foreground. 

„ 13.—The Amphitheatre, Bawdwin, an ancient quarry-working 
enlarged by landslips. 

,, It.—Chinese smelting furnace, showing hearth and arrangement 
of flues. 

„ 15.—-Details of Chinese smelting furnaces, scale 1 inch = 4 feet. 

a. Front elevation. 6. Plan. c. Longitudinal section. 

,, IG.—Kachin smelting furnaces and remains of (Chinese huts. 
„ 17.—Details of Kachin smelting furnace, scale 1 inch=2 feet. 

a. Front elevation. 6. Plan. c. Section. 

„ 18.—Ore dre.ssing floors. 
„ I'J.—Chinese cupel furnace, and ore crushing mortar. 
„ 20.—Details of cupel furnace.s. ' 

Fig. 1. Square cupel furnaces, scale 1 inch = 4 feet. 

a. Front elevation, b. Plan of top. r. Section. 

Fig. 2. Round cupel furnaces, scale 1 inch=2 feet. 

(?. Front elevation, b. Plan of top. v. Section. 

„ 21.—Miscrophotographs of Bawdvvin rocks. 
Fig. 1. Rhyolite exhibiting flow structure. 
„ 2. Bawdwin grit; minerals almost entirely rejdaced by 

galena. 

„ 22.—Microphotographs of Bawdwin rocks. 
Fig 1. Tuff ; minerals partly replaced by galena. 

„ 2. Tuff: commencement of the replacement of the ground- 
mass by galena. 

, 23.—Skctch-map of the Bawdwin District, scale 1 inch = 2 
miles. 

24.—Horizontal sections. 
Fig. 1. Section across the Nam Tu valley near Lilu, scale 

1 inch = 1 mile. 

Fig. 2. Section througli Bawdwin, scale I inch = 1 mile. 
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Recent accounts of the Mud Volcanoes of the 

ARAKAN Coast, Burma. By J. Coggin Brown, 

B.Sc., F.G.S., F.C.S., tAssistant Superintendent, 

Geological Survey of India. (With Plate 25.) 

INTRODUCTION. 

mud volcanoes which are grouped on and around Ramri 

and (’heduba islands^ od the Arakan coast were first systemati¬ 

cally studied by Mallet, whose report is to be found in /?ec., 

Ucol. Surv. Ind.y Voh XI, Pt. 2, pp. 188—207. 
A comprehensive summary of this account has been given by 

Oldham, in the Manual of the Geology of India, second edition, 

pp, 20—22, from which the following short description is taken :— 

“There are about a dozen or rather more vents in Ramri island itself, 

more than half that number in Cheduba and a few in other neighbouring 

islands. Many of the vents consist ok’ truncated cones, built up of the dried 

mud cjcct(‘<i by tlui outbursts of gas. The crater, lilled with more or 

less liquid or viscid mud through whit^h the gas escapes, occupies the top 

of the conical hillo(;k. The majority, however, of the Ramri mud volcanoes 

consist of mounds, composed on the surface of angular fragments of rock 

and having scattered over them a few small mud cones with craters at 

the top, varying in height from a few inches to eight or ten feet. 

When gas ceases to be emitted from a vent, the mud is rapidly washed 

away by the rain and there remains a low mound, composed of angular 

fragments of roc;k which were ejected togetlier with the mud, and the 

repetition of a similar process accounts for the formation of tlie mounds. 
“The mounds in Ramri arc from 50 to 100 yards in diameter, with a 

height of from 15 to 20 feet: two, of exceptional size, near Pagoda Hill in 

Cheduba, being 200 to 2.'50 yards across. Tho cones in which the mud is 

viscid are very steep, being built up partly of small quantities of mud, 

spurted out by the evolution of gas so as to form a hard rim round the 

mud crater, partly of mud poured out from tho crater down the slopes 

through broken portions of the rim. Besides the gas and mud, a small 
quantity of j)etrolcum is usually discharged from the vents. Tho gas consists 

mainly of marsh gas, probably mixed with some of the more volatile 

1 Ramri and Cheduha islands, with a small archipelago of lesser islets stretch* 
ing to the north and south along tho coast, are separated from the mainland 
by a number of tidal crei'ks and form part of theKyaupyu district,*—a seaboard 
district which is situated in the centre of tho Arakan Division, Lower Burma, 
lying between 18° 40' and 20° 41' north latitude, and 93° 13' and 94° 26' east 
!ongitud<L 
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hydrocarbons usually associated with petroleum. The mud is simply the grey 
shale or clay of the tertiary rooks, mixed with water containing some salt 
in solution.’* 

Although under ordinary circumstances it is usual for the mud 

to be slowly ejected from the craters accompanied by saline 
waters and bubbles of gaseous hydrocarbons, yet occasionally the 

Arakan mud volcanoes are subject to paroxysmal outbursts of 
extreme violence. At such times mud and stones are thrown 
out with great force and noise, immense quantities of inflam¬ 
mable gases are liberated, which, becoming ignited, light up the 
country for miles around, and are visible far out to sea. If the 
eruption happens to be submarine, the ejections of stone and 

mud sometimes form islands, which are, however, soon removed 

by the action of the waves. 
From time to time accounts of violent eruptions of this 

nature have reached the Geological Survey Department, and in 

1885 Mallet published a list of those that had been recorded up to 

that date Geol. Surv, Ind., Vol. XVIII, Pt. 2, p. 125). 
A later eruption of the Cheduba mud volcano took place at 

1] P.M., 3rd July 1886, and is mentioned in iZec., Geol. ^ Surv. 
Ind,y Vol. XIX, p. 268. From that time until October 1893 
there are no records of any other eruptions of the mud volcanoes 

of this group.^ 

List of recorded eruptions which have taken place sirice October 1893. , 
Locality of volcano. Date of eruption. 

1 

Character of eruption. 
[ 

Cheduba .... 19th July 1903 
1 

Violent. 

Cheduba .... 
1 

21st January 1904 . { Very violent. 

EeBeoroh Strait (submarine) February or March 1904 Shoals formed. 

Beacon Island (submarine) 16th December 1906 Very violent, new island 
formed. 

Unguan Island (submarine) . | ' 20th AprU 1908 . Violent. 

3 Mud volcano in Tipperak,—In March 1897 a small aotire mud volcano was 
discovered in cultivated land at the foot of the Tipporah hills, on the eastern 
boundary of Tipperah district, and 16 miles duo north of the sadar station of 
Comilla. The site of the little eruption is in a village called Ballabpur, and is 
said to be In 91° 15' 30* east longitude and 23° 40' 30' north latitude. Although 
not connected with the Arakan mud volcanoes this occurrence in Hill Tipperah 
is near enough to them to make it worth recording here. JRec.t Oeol, Surv. Ind., 
Vol. XXX» K. 2, p. 111. 
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The remarkable absence of information between 1886 and 

1903 is probably partially due to the fact- that the mud volca¬ 
noes have been passing through a period of quiescence and also 

to the lack of evidence of eruptions which may have taken 
place. Mallet has stated that there is no reason to suppose that 

eniptions were less frequent between 1846 and 1878 than before 
or after these dfites, the gap in the list of recorded eruptions 

then being doubtless due to imperfections of the record {Rec., 
Gcoh Surv. VoK XVIII, p. 124). P'ollowing the practice 
iormerly pursued, it is proposed to give here extracts from the 
reports of eye-witncsscs, who were fortunate enough to see the 

eruptions. 

Eruption of the Cheduba Mud Volcano in October, 
1893. 

There arc no details available regarding the eruption of the 

Cheduba mud volcano which is said to have taken j^lace in 

October, 1893. The eruption is only casually mentioned in an 
account of the one which took place on the 21st January, 1904. 

Eruption of the Cheduba Mud Volcano on the 19th 
July, 1903. 

The official report of the Commissioner of the Arakan Division to the 

Revenue Secretary of the Government of Burma runs as follows :— 

“1 ha\c the honour to report an ernjjtion of the voloaiu) in the Cheduba 
island, Kyaukpyu district, on the 19th July, 19(K1. The inlormaliou reaehed 

me from a private source. No Government official seems to have consi¬ 

dered the matter of su/licient importance to send in a rop(»rt, it any saw 

it. Mr. Dunlop, who is a resident on the island, says that it was the 

moat magnificent sight he over saw. At 11 minutes to 1 r.M. he saw a 
black cloud shoot up from the earth (no doubt mud) and in a moment 

flames burst forth and shot skyward, 500 to 1,000 feet high, accompanied 

with dense clouds of black smoke. The flames lasted just 17J minutes, 

which is said to be the longest ever remembered. No eruption of tho 

volcano has tak'm place for the past 10 years and it is tliought that is 

the reason why it was so violent. It is said that formerly there used to 
be a slight eruption once a year.” 

Eruption of the Cheduba Volcano on the 21st January, 
1904. 

The eniption of the Cheduba volcano which took place on the 

2l8t of Januarj% 1904, is said by eye-witnesses to have been the 

longest and mosii violent ever known. A report of the. occurrence 
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by Mr. R. S. Dunlop, opium licensee of Cheduba, was forwarded 
to the Government of Burma by the Commissioner of the Arakan 
Division, and is partially reproduced below :— 

“ On Thursday, the 21st instant, the mud and fire volcano on this island 
had another fire eruption, which started about 2 v.m., and lasted for about 
45 minutes. In all respects it was more violent, and lasted much longer 

than the eruption of July last, or any former eruption, although accom¬ 
panied wit.li less smoke. 

It may be remembered I stated in my report, dated July last, that 

no lire eruption had occurred for 10 years, viz., October, 1803. It was pre¬ 

sumed for causes stated in that report that fire eruptions had 
ceased, and people were surprised at the eruption in July, but much more 

so at tlie present one. Usually, former eruptions were U) to 12 months after 

each other and sometimes a little longer, but now this one coming just six 

mouths and two days after the last makes one wonder what*s coming 

next, I loft Cheduba on Saturday evening, the 23rd, to see for myself 

what it looked like. Wo halted all night near the volcano, getting there 

early next morning. 

“ 1 was here 17 years ago ; the place generally looks pretty much the 

same as it did then, tlio small mud volcanoes being built up higher and 

higher every day as the mud is thrown up and dries. Some of them are 
now quite 20 feet high and getting higher every day, one of them in 

particular is very pretty, being shaped just like a pagoda, and mig'lit at a 

distance be taken for a small one, it being quite w'hite. The large volcano 
has, however, undergone quite a change, the mud instead of being semi¬ 

fluid as it was 17 years ago, is now of the consistency of very thick 

porridge, and iustetid of nearly white as then, is now nearly bhick. The 
mud whicli has been thrown up covers a considerable area and to quite 

a height; however, during the rains this piled up mud is washed away, 

leaving the place nearly level. The washings cover a large aj*ca, and 

wherever they go all vegetation is destroyed, outside this area there is a 

scanty growtli of stunted wiry grass. The volcano is situated on a gentle 

incline sloping towartls the south, consequently most of the wasliings go 

that way, so that what vegetation there is, is closer to the volcano on 

the north than on the south. 

Wo came from the north, and the first things I noticed w'cro two large 

fissures or crevices extending outwards from the volcano into the grass for 

over 2(K) yards, and about 60 feet apart, running in a zig-xag direction 

from S. K to N. W. One could see from their size that they had start¬ 

ed in the mud lately thrown up, as the further out, the smaller they 

became till the end. Near the mud, one of them was V-shaped, about six 

feet across the top and nearly as deep, the other one was not so long. They 

must have been much larger just after the eruption, but now appear to 

bo closing up. 
“ The mud at the bottom is quite soft and I could run the whole 

length of my walking stick down into it quite easily. No doubt the fissures 

were caused by the late eruption as the earth whore thrown up was 
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quite fresh, evidently they were first of all opened by escaping gas and 

then partially closed. What depth they were at the time of the eruption 

no one can tell. Some distance to the north of this is a large mound 
said to have been the former crater, but I doubt this though it might 

have been a smaller volcano which has now become extinct. Mud is piled 
up in an irregular circular form like a huge embankment about 400 yards 

across and at least 8 feet high. I am informed that all this mud was 

thrown up by this eruption, as formerly the ground was quite level. If 

this is so, and I have no reason to doubt it, what a gigantic force must 
have been exerted to throw up these thousands of tons of mud in the space 

of a few minutes. When 1 last visited the place, 1 had no trouble at all 
in locating the crater. It was filled with hot fluid mud, boiling and 

bubbling like a huge pot, but I could find no such crater this time. 

“ I walked all round the huge embankment (of mud), and then straight 

across the centre, and then again at right angles to my former course, 

but 1 could find no signs of a crater, nothing but gaping fissures all 

over the place. All over this area, the mud in the fissures was much 
softer than in the two fissures mentioned above ,* no doubt deeper down 

still fluid mud may be found. My impression is that the mud is 

gradually becoming hard. I noticed in the small volcanoes that it is much 

thicker than it was 17 years ago. 1 could find no trace of fire anywhere. 
One would have thought that so largo a fire would have kept its mark 

somewhere, but this may be accounted for by the northerly wind which was 

blowing at the time, the vegetation to the south being quite a distance 
from where the fire occurred. Perhaps fresh mud may have been thrown 
up after the fire had died down and so obliterated all marks around the 

volcano itself. It is fortunate that no lives were lost, as the main road 

is close by and the eruption was quite unexpected.*’ 

Mr. Dunlop then refers to the legend in vogue amongst the 
Arakanese, that a spirit—the Natja—is responsible for the erup¬ 

tions from the volcano. He also relates how 30 years ago, the 
natives say, a violent eruption took place in which five persona 

perished, the outburst being due to some one mockingly asking 

the Naga for fire to light his cheroot. The insulted Naga 
granted the request with the above tragical result! 

Mallet relates a very similar legend and is inclined to believe 

that such stories have their foundation in the fact that flames 

sometimes suddenly issue from the volcanoes. He is, however, 
sceptical as to the fatal results which are said to accompany 
them {Rec,, Choi. Surv. Ind., Vol- XI, Pt. 2, p. 200). 

Eruption of a submarine Mud Volcano in the middle 
of Research Strait in February or March, 1904. 

A report on this eruption was forwarded to the Geological 
Survay Department by the officer in charge of the Marine Survey 
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of India, and is dated Ist March, 1904. This report is partially 
reproduced here:— 

« During the progress of the survey of the Arakan coast, a small mud 
volcano has been discovered in the middle of Research Strait due east of 
the southern end of Western Baronga.^ It consists of three vents forming 
an equilateral triangle with sides about 60 yards long, apex north, the 
vent at the apex was the only one discharging mud, and it emits gas 
and mud at intervals of from 16 to 60 seconds like a geyser in a true 
volcanic district. The two southern vents omit gas in a constant flow 
but no mud. 

“ The volcano has formed a shoal about 200 yards in extent, on which 
the depth is from f seven to eight fathoms, except at the spot the mud is 
at present discharged from, where a sudden shoaling to 3J fathoms takes 
place. The depths around the shoal are 15 fathoms. A self-recording 
maximum and minimum thermometer, when lowered to the bottom at the 
spot the gas and mud were being discharged from, showed no variation 
in temperature from that of the water around the shoal. A small quan¬ 
tity of gas was obtained and found to bo highly inflammable, colourless, 
odourless, tasteless, and neutral to litmus paper tests ; from this it is 
inferred that the discharge is marsh gas similar to that found in the 
Ramri and Choduba islands. A specimen of the bottom was obtained and 
found to consist of gray mud mixed with angular fragments of rock of the 
same colour.*’ \ 

Eruption of a submarine Mud Volcano ott Beacon 
Island on 15tb December, 1906. 

The eruption of this submarine volcano is one of the 
severest on record, for a new island which appears to have been 
much larger than those previously formed, was^ piled up in the 
Bay of Bengal. The new island was situated in lat. 19° 0' 6" 
N., and long. 93° 24' 20" E., and 8J miles in a north-west by 
north direction from the north-westernmost point of Cheduba 
island. Beacon Island lies south-east by south about miles 
from the new island. Fortunately the phenomena associated 
with the building up of the island were witnessed by a com¬ 
petent observer, Mr. S. Dawson, Inspector of Lighthouses, Ran¬ 
goon, who happened to be on Beacon Island at the time. His 
observations are given below:— 

“About 7 A.M. in the morning of the 16th December, 1906, being on 
Beacon Island, I saw what appeared to be an island towards the north- 

1 Western Baronga Island is the outermost of a group pf three islands, which 
Ho a short distance from the coast, near the mouth of the Kaladan river in the 
Akyab diatriot, Arakan Division of Lower Burma. 
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west, at an approximate distance of 10—15 miles, but misty and iudistinot. 
I pointed it out to my flerang, who agreed that it was land, but I know 

that no land existed west of a line from Beacon to Kyaukpyu. All the 

men had noticed it. While talking about it to my serang, some Burman 

fishermen, who hnd come to the island in the afternoon of the 14th, came 
and told me tliat their eant^e had been washed away in the night and that 

they liad no food in consequence. 

“This circumstance ufTorded some evidence as to what had occurred. It 

is to be noted that spring tides, having started about the l‘2th, were very high 
bn the 14th and 15tli. But the high tides occurred in the evening of the 

14th at about. 0 p.m. and on tho 15th in the morning. I then remembered 
that I had been wakened in the night by what I thought at first was tho 

noise of the wind rising, so I rose up and looked out. There was not 

miK')» wind but a very heavy surf was booming on the beach, 1 then struck 

n match, looked at my watch and found the time was 12-45 midnight, and 

the tide must then be dead low. 

“Naturally at that hour of the night I did not. think of volcanic up¬ 

heavals or consequent tidal Avaves, so, attributing the heavy seas rolling in 

to the turn of tho tides, I Avent back to bed. Recalling this incident 

Avhen the Burmans told me that their boat had gone in the night, I 

concluded that it must have been taken away by one of the enormous 

waves Avhich rolled in at midnight. 'Fhe Burmans, on landing the previous 

day, were aAA'are of the high tides and drcAv their boat uj) well above 

high water mark. This I remember observing in the afternoon. From tho 

facts given above it is to l>e deduced that the upheaval resulting in the 

formation of the island now existing above water took place at about 12 

midnight of tlie night of the 14th and tho waves Avhich took away the 

boat must have been at least 14 feet high. I continued to Avatch this 

island, being still in doubt as to tlie true meaning of the phenomenon, 

but about t) A.M. I noted black smoke in two jets like that of a steamer 

in tho distance and these gradually turned to white steam issuing in one 

enoimous ‘ cumulus ’ the Avhole length of, and above, tho new island. 

“As the sun became hotter, about 11 o’clock a.m., a fairly heavy bank 

of cumulus clouds formed and lay most of the day over the island, tiicre 
being practically no wind. At this time 1 proceeded to .send my men 

out to jump holes in the rock lying off the jetty for blasting, but though 
as I say there avus no wind all the morning, nevertheless they were washed 

off the rock by the high sAvell rolling in from the direction of tlie eruption 

and were unable to work in consequence. The sea, too, wliich since I 
landed on the 6th instant had been clear and sparkling, had now become 
muddy and dull. While recalling my men from their efforts to work on 

the rock, as I stood on the end of the jetty I observed huge volumes of 

mud and water spouting up into the air to a height of what must have 

been hundreds of feel. These ejections were black and they continued 

intermittently for some 10 minutes. This at a distance of some four 
times tho apparent -width of the island to its right from my observing 

point, and I should say considerably nearer to me. No shock or tremor 

was reported at any time by any of the* men. All day spouts or columns 
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of water and steam were observed thrown up ah round tho island, but 

towards tho afternoon the steam cloud from the island itself disappear^. I 

continued to keep a sharp watch on tho island all day and I noted that 

tho atmosphere was very clear, yet very dull-clear, because the coast showed 

up much more distinctly than usual, and yet dull, because the sun scarcely 
cast a shadow even at noon. 

“ At 4-30 p,M. I went to tho summit rock here to observe the sunset. 

As I sat, I should remark that I felt it very cold though there was 

scarcely any breeze: at this time, too, I remembered that I had noted the 

day before about sunset how cold it was compared with other evenings, and 
I naturally attributed this sudden change in temperature to atmospheric 

conditions resulting from tho volcanic phenomena around. On taking a 

rough bearing of tho island I found it to be about 36*^ west of north 

from Beacon, and distance 12 miles. After dark I could observe no light 

nor sign of any electrical disturbance over the island on the 16th. Spouting 

and eruptions smaller and of less frequency than the day before continued 

around the now island. I kept a watch of men all night, but they had 

nothing tf> report. 

“On the 18th, liaving procured a boat, I rowed o(f to the new island, 

and found the distance to be not more tlian C milejs. My first guess 

fhoroforc as to its distance from Beacon Island must have been in error, 

duo to the vapour in the atmosplierc. On approaching within a quarter of 
a mile or less, I rowed all round it looking for a ]>ossible landing place 

as the swells were breaking heavily. i 
“Tfic sea was very muddy, and all around the boat small ebullitions of 

steam and sulphurous vapours bubbled up; and when I got to the north¬ 

west side I noted many small geysers spouting steam and mud to a Iieight 

of about l.T or 20 feet on the island itself. Having found a likely landing 
place, I backed ray boat in as near as was safe just outside the breakers, 

and taking a line, swam ashore. I had great diftieulty in walking the first 

hundretl yards of beaeli, os 1 sank deep in the soft mud and tlu‘ heat of it 

was just beJirablo. The sea as I swam was noticeably warmer than at 

Beacon Island, as might be expected. On arriving above high water mark 
the mud became firmer having dried a little in the two days which had 

elapsed. Higher up it was cracked and resembled a field wdiich had been 

ploughed and harrowed. I went on up to the top—a height at that time 

of about 40 feet or more—and from this point 1 could see tho whole of 

the island. One could notice the form of the main crater which was 

roughly a plateau formed by a dried-up lake of mud with concentric 

corrugations of raud, resulting from the intermittent paroxysms, extending 

down tho sides of it. 
“From the still active geysers a most objectionably smelling gas was 

given off. 1 was watching these for perhaps an hour when the ground 

I stood on and in fact the whole island started to sway about; so taking 

this os a possible preliminary to another paroxysm I hurried back as quickly 

as I could to the boat, and came away, having procured a bucketful of 

the liquid from one of the geysers, wliich I thought might be called for, 

for analysis. On January 3rd the station ship Dalhousie called at tho 
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island with me on board and I observed a great difference in its height. 

It must have subsided about 20 feet since 1 first saw it. ” 

Commander W. B. Huddleston, R.T.M., Port Officer of Akyab, 

visited the island on the 22nd or 23rd of December. On 

December 30th the R.I.M.S. Investigator under the com¬ 

mand of Commander W. G. Beauchamp, Royal Indian Marine 
Surveyor in charge, Marine Survey of India, proceeded to the 

island to fix its position. The reports of Commander Beauchamp 
and of Captain R, E. Lloyd, I.M.S., Surgeon Naturalist to the 

Marine Survey of India, are reproduced here. It should be men¬ 
tioned that accounts of this new island have appeared both in 
the daily press of India and Burma and also in several scientific 

publications.^ 

Extract from Commander Beauciiamp’s report. 

“ 1 am informed by Commander Huddleston, the Port Officer of Akyab, 

that the island was formed on the 15th December. Commander Hud¬ 
dleston landed on the island on the 22nd or 23rd of December, and on 

his return gave me practically all the information he had obtained. I 
arrived off Volcano Island on the evening of the 30th, having spent 

Christmas at Akyab whore I coaled and watered, took magnetic observa¬ 
tions and rated chronometers. 

** Volcano Island observation spot, which is marked with a Marine Survey 

socket and pole, is situated in lat, 19° 00' 06^ N., long. 93° 24' 20^ E., 

depending on Madras Observatory being in long. 80° 14' 51" E., vide Admi¬ 
ralty Chart of Cheiluba Strait and Ramri Harbour, No. 832. The iHland 

has a greatest length of 307 yards in a south-south-west- and north-north¬ 

east direction and a greatest breadth of 217 yards in a north-west and 

south-east direction, and the summit is 19 feet above high water. 

** The ship anchored at a distance of ^ mile to the south-east of the 
island in a depth of about 11 fathoms at low water, corresponding with 

what is shown on the chart. Soundings were taken in all directions of 

something over a mile. P^xcept close into the shore, the soundings are 
practically the same as shown on Admiralty Chart No. 832, including the 

shoal to the north-north-west which was also touched. The ship approached 

the island from the north-east and left in an oast-south-oast Section. 

A steam-boat left to the southward for 10 miles and returned from the 
south-south-east, and on neither course was any discrepancy in the chart 
discovered. 

1 “ A New Island in the Bay of Bengal,’* by Lieutenant E. J, Headlam, 
Royal Indian Marino Survey of India. The Qengraphical Journal^ VoL XXIX, 
No. 4, pp. 430—>436. Plans, sketches and photographs appear with this artiole. 

“ A New Voloanio Island,” by Admiral A. Mostyn-Field, Hydrographic 
Department, Admiralty, Xx)ndon. Natore, February 28th, 1907, p. 414. 

“ A New Mud-Voloano Island,” by P. R. Mallet, March 14th, 1^07, 
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“ The island is still in an active condition at the northern end, several 
hot springs of liquid mud ovcrllowing. It is steeper on tlio western side. 
The soundings oil the island itself point to tlie fact that it is an isolated 
pinnacle or crater. 'rcm])oratures (I^^ahrcnhoit) wore taken at different parts 

of the island. The surface registering SI"; hvo feet below the surface 96°; 
three feet below the surface 101°. But at the observation spot on the 
summit, and evidently the main crater, the lempcrature at one foot below 

tile surface was 104”; at two feet below 108”; at three feet below 138°; 
and at three and a half feet the thermometer rose to 14S”. 1 had no 

H(!lf-registering thermometer to take the lempcrature of the litpiid mud. The 
ordinary thermometer could not be cleaned tpiickly enough to get an accurate 

reading. Tlic island is cvidonlly becoming liaid, but the action of the st»a 
and tide is washing it away considerably at- jiresent, leaving a wakt^ of 
discoloured water vv'here tlio tide takes it off, giving it the appearance of a 

siioal. At present, however, there still appears to be. nearly as much mud 

deposit from below as is carried off by the sea. The south-west monsoon 

is likely to liavc some effect on the island. It will be noticed from the 
Admiralty charts of tiffs neighbourhood that there is n-pfiaren^ly a volcanic 

ridge fnmi (‘heduba Island to Baronga Island near Akyab, trending north- 
north-west and south-soulh-easl. Drift wood, sand and stones were found 
on 1]i(> island ; fourteen kinds of scetis were collected by tlie Surgeon 

Naturalist, whose geological report 1 have called for and enclose with this.” 

\ 

Report of Captain R. E. Lloyd, Indian Medical 
Service, Surgeon-Naturalist to the Marine Survey 
of India. 

“ The island is comjiosod wholly of greyish brown mud, of uniform 
quality throughout ; with this are a few angular fragments of rocks of 
various kinds intermingled. Tliese must have bec*n thrown up by the mud 

and include — 

(a) portions of a laminated sandstone ; 
(h) a compact grey rock wliieli has the appearance <if limestone but 

wliieh is only partially soluble in strong acids : 
(c) lumps of crystalline ealeile ; 
(d) a soft green stone, probably a basic igneous r(K*k. 

On DccemlK^r 31st the surface was sun-dried and hardened so as to 

readily support the weight of a man. Tlie firied sui faee is very uneven 
throughout, it has a nodular and bubbly ajqx'arauce, besides this it is s]>lit 

up by deep fissures iluo to shrinkage in drying. On the north side of the 
island are several small v(»uls. 'riiree of these ojien into round pools of 
li<piid mud, to tlio surface of wliieli large bubbles of gas are continually 

rising. 

“ The gas is non-inflammable, and does not support combustion. U has 

an objeetional, sulphurous smell. Although the island has piHtbably been 
in existence only 16 days, already large quantities of drift wooa have col¬ 

lected on the shore. Among this were found 14 varieties of seeds and 

E 
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fruits of ahore-frcquenting plants, many of which are capable of germina¬ 

tion. In regard to tlic permanence of this island, considering the nature 
of the material of which it is composed, it is likely that heavy rains 

and sea action, in the south-west monsoon, will cause rapid disintegration 

and total diwippearance, always provided that no more material is empted. 
Tlie rocks and seeds collec^tod will be forwarded to tlie Directors of the 

Geological and Botanical f^urveys of India, respectively.” 

The specimens referred to by Captain Lloyd were forwarded 

to the office of the Geological Survey Department and were 

specially examined by Mr. E. H. Pascoe, Assistant Superinten- 
dent, Geological Survey of India, who has had considerable 

experience of the Tertiary betls of Burma. Mr. Pascoe reports 

as follows on the specimens ;— 

“(a) Might easily be a variety of the calcareous laminated sandslonoa 
found in the Pegu beds and Hometimes in the Irrawadi sandstone 

beds. I have not come across its exact cquiv'akmt in colour. 

{h) A blue mudstone common in the l*egn beds. 

(f) 1 have not come aer'oss caleit** in such thick veins, but similar 
veins occur in the l*cgu or Irrawadi sandstone beds. 

(d) 1 have not seen many green clays, but those resembled more or less 
this typo, and occurred in Pegu or Irrawadi sandstone bods. 

(c) A dark fine-grained mudstone similar to those in the Pegu beds, 

{/) Certainly organic. No coral structure visible, more probably some 

form of Sorpula. 

** It would be impossible to say with any certainty what the age of tho 

beds is, but if one might hazard a guess, it would bo Pegu series.” 

In his account of Volcano Island, as the new island was named, 
Lieutenant Headlam^ states :— 

“The island, on approaching from the eastward, presentcfl a long low 

appearance of a uniform grcyish-brow'ii colour, having a small knob or 
summit on its southern end; no smoke or sign of activity was noticed ; 

from a distance of half a mile tho water shoaled gradually to the beach. 

On landing wc found the upper crust qiiiie hard and cool, except quite 

close to the beach, where the mud was soft—so soft in i^laccs that wc 

sank above our knees. The whole island was, witl* the excei)tion of a 

small quantity of stones and sand, entirely comj^osed of greyish-brown mud 

of a clayey nature, with an extraordinarily rough surface, caused by tho 
quickness with which the boiling mud had cooled with exposure and the 

cessation of the eruption. Tho island is a rough diamond in 8ha[»c, with 

tho highest part at iis southern end, and extending in a ridge formation in 
a north-north-easterly direction, with small gullies and ridges branching off 

on either side. The main ridge is about 16 feet above high water (with 
the exception of the knob at the southern end), and is about 40 yards 

1 Oeographi''al Journaty loc. cit,, p. 431. 
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broad; the land then slopes down to tlio sea, being slightly steeper on 

the western side. 

“ There was no activity visible except at the northern end, where 

several small craters, varying in size from 1 U> 6 feet in diameter, were 

exuding liquid mud, but only in small qiiantitics and not with any great 
violence. I c(>mputcd that the whole output during the day T sjxmt there 

would not exceed two tons. The whole island gave out a strong smell 
of sulphur, which was almost overpowering close to the holes bored for 

taking tlio temperatures. 
“ A study of this part of the Burma co«ast seems to show that thia 

island is i»art of si chain of mud volcanoes which appear along the eastern 
side of Choduba island and the islands immediately to the southward, some 

of which are several hundred feet in lieight and are occasionally active; 

and again continuing the line for some ■'>0 miles further to the nortliwa d, 

we came to another mud volcano (active, but still some feet below the 

surface of tlu; sea), which is situated just inside the southern point of 

the Kastern Baronga, about 20 miles to the south of Akyab, and which 
was discovered by the ofliccrs of the R. I. M. S. Investigator whilst 

surveying there four years ago. 
“A beacon and flag were erected on tlio island as a mark to Iielp in 

tixing the jiosition, and also to draw tlie attention of passing ships to 

this uncliarlcd danger, which, on account of its lowness and drab colour, 

is vi'i-y didicult to sec until fairly close, more cspix'ially in misty weather.” 

Eruption of a submai'ine Mud Volcano near Unguan 
Island, Arakan Coast, on the 20tli April, 1908- 

Thero are no detailed accounts on record of this, the latest 

of the recorded eru])tions of the mud volcanoes of tlie Arakan 

coast. The only information available is a cojiy of a telegram 

from Marine Surveyor, Kyaukpyn, to tlie Government of Burma, a 

copy of which has been forwarded to the Geological Survey 

Dcjiartmcut by tlie Government of India. 

“ Following tcU'gnun, dated Otii Mnv, received from Marine vSurveyor, 

Kyaukpyn;—Discovered small mud volcanic island violently active in soutliern 

extri'iuity Nerbudda shoal beariirg from centre Unguan Island soutli 1!) east, 

distant miles. Afiproximatt* posit on 2U north, 50' east. 

Eruption observed from luainlarul on night of 2t)th ultimo.” 

Other Indian Mud Volcanoes. 

The mnd volcanoes of the Indian Empire can be arranged 

in four geographical groups situated respectively along the 

eastern and westi^rn borders of the Arakan Yomas, in the 
Oomal valley along the Aighanistan-Baluchistan frontier, and 

along the Mekran coast. 
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Tlu^ group situated on the eastern border of the Arakan 

Yonia was first examined b/ Dr, T. Oldham/ and has since been 

described in groat detail by Noetling/ 

The ])opuIar idea that these mud volcanoes are associated in 

some way with true volcanic action, as it is usually understood, 

is entirely erroneous as was showii by Mallet. They must be 

regarded e.s extrusions of mud brought about by pressure of the 

lighter petroleum hydrocarbons along some line of weakness in 

the strata. The accumulation of gases and oil along the anti¬ 

clinal arches of the niiocene strata, on both sides of the Arakan 

Vonui is a fact so well known as hardly to need repetition. 

Owing to faulting or accidental iissuring the pressure is relieved 

aud the gases breaking through the remaiuing superim]>o.sed strata 

form a mud volcano. In other anticlinals tlie ])rt'ssure is cither 

not vStrong enough to force gas, Avater and oil through the shale 

and clay bajuls, or else the pressure has been gradually relieved 

tlirough the existing fissures. 

'fhe petroleum mud-volcanoes ol India and Burma can be 

compared with those which occur in tlic Ap])cnim‘s at Sassuolo 

aud other places, with those occurring at the (‘astern and western 

end of the C^iucasus in the neighbourhood of Baku and Taman, 

respectively, with those of the Bozen district in Roumaiiia and 

in many other jiarts of the world. tSuess’' has indeed calhnl 

attention to the remarkable combination of geological cliaractcrs 

which the Arakan Yomas exliibit in (‘ompany with certain 

parts of the C’aipathians, the Caucasus and the Apptmines. 

These petroleum mud-volcanoes are essentially ditTercnt to tln^ 

(occurrences in the AYdlowstom^ district or Aimuica, in New Zea¬ 

land, in Iceland and elsewlicrt, which arc unfortunately (tailed 

by the same name. The latter (jwe their origin and activity to 

the high temperature of the layers of the (‘arth\s crust close to 

the surface, and to tlie ae^tion of steam which is consecjucntly 

produced when meteoric waters find their way into the ground. 

^ “Notes on llu* ;:efl »cri( ;i! foatnres of tfie b>nks of Die Iirnwadi, and of tlie 
eoiiiitry jiurlh AnMuujooia. ’ by f)ldliam in ** ,o Ihc (*oii7l of Jw/,’* 
by (’aptain floniy ^'nle. TiOndon, I8r>S. y\])])rndix. \k ‘141. 

<) 

O ((ft. 
“ 'I'bo ocnnrreiK o of IVlroIeuin in Uunuii,’’ 

tiiff . Vol. NXVJl, [)|i. .‘Jij—4!). 
Fritz Noc^Iin^^ Mcfff.t 

^ “ The Face of the Eartli.’* SuesH, Fnglihh 'rrarishition, Vol. J, p, 454. 
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Formation of new Islands. 

There is nothing unique in the formation of tlie new island 

so aptly described by Mr. Dawson and the officers of the Royal 

Indian Marine Service. The eruptions of .lanuary 2(>th, 1843, 

and March 12th, 1874, arc said to have been c.haracteriscd by 

the same island-like formation. The latest c.hronieled em]>tion of 

April 20th, 1908, must also come into the same class. If the 

eruption happens to take pla(;e under the sea,—and it should be 

borne in mind that the sea off the Arakan coast of Burma is 

more tliau usually shallow,—a new island will be formed, pro¬ 

vided that the ejected mud is viscous enough to witlistaud the 

action of the waves, currents and tides for any length of time, 

and that the eruption is violent enough to eject sufficiejit material 

to reach Bie surface of the sea. The submarine eruj)tion whicli 

took place near the Baronga Islands in February or Jiarch, 1901, 

only resulted in tlie production of a slioal, either, because of the 

feebhi character of tlie outburst, or, because^ of the strong scouring 

action of the currents and tides in that ])articular region, so that 

the ejectementa were washed away before they had tinu*' to 

accumulate to a height sufficient to be raised above the surface 

of the sea. 

The island which was termed on January ITitli, 1843, is said 

to have been (prickly washed away and the new island which 

a]»pearc(l above the. surface of the s<\a on December lolJi, J90(i, 

has now shan'd the same fate. 

The most recent information concerning tins island is '‘inbodital 

in the following telegram from Foinmander W. (4. B(uiu(;ham[), 

R.I.M., dated the 24tli December, 190vS :— 

“ Vokauic [Hlaiul (tlT Beacon Island exaniiiu'd l»y Jiic 27t]i l'VI)nijii \ l.ist 

wlicn it had become submerged to the dcplli of 14 feet ovc'i- an area td 

one mile, but was in an aeliv'o state.” 

Tlic presence of such an abniidanct^ of drift-wood and ditferont 

kinds of seeds on the island so soon aftiu* its tonuation is yim v 

interesting, and helps to a realisation of Jiow short a time it 

would take for the mud to become covered with vegetation. 

This would have a tendency to make the island a permanent 

feature of the coast, provided other and mor*' ])otont agencies 

were not at work to accomplish its destruction. 
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The formation of now islands has been observed in the Caspian 
Sea in connection with eruptions of the mud volcanoes of the 
Baku district.^ 

Connection between paroxysmal outbursts and 
earthquakes. 

Mallet, writing in 1878, considered that there was an intimate 
connection between the Ramri mud volcanoes and seismic distur¬ 

bances. He said - :— 

“ During the principal shock ot the violent earthquake on the 2(ith 

Juno, 1S3J, it in stated by j)r. Met'lelland that tlames issued to a licight 

of several hundral feet from one of the Kyoiik Dliyu salses. 

“ A similar occurrenco took place during the earthquake of the 2Jrd 

March, 1830. The suhmarint* outburst near False Island of the 20111 July, 
1843, was immediately preceded by a like tlisturbancc. Furtlier, during llie 

great earthquake of 2nd April, 1702, two volcanoes are said to have opened 

ill the Chittagong district. If these really wore mud volcanoes, and there 

seems no reason to question it, they were doubtless of the same class as 

those in Kamri," 

It is perhaps more than a coincidence that the outburst of 
the mud volcano which resulted in the formation of the new island 
near Beacon Island on Ibth December. HlOO, occurred only a few 
days after the Calctitta earthquake, of 0th December, As 
Mr. Middlemiss has pointed out, the (langctic delta “itself, or the 
sub-structure of hard strata underlying it, is still capabk? of 
generating occasional earthquakes and cannot be regarded as 
having attained a permanent degree of stability or immunity 
from shocks. There is no reason to suppose that a severer shock 
than usual would not affect in some measure the neighbouring 
districts of the Arakan coast, linfortunatcly the list of recorded 
eruptions is not great enough to allow of any information being 
obtained as to the behaviour of the volcanoes during the great 
Indian earthquakes which have taken place in recent years. How¬ 
ever incomplete the record may be, there is something in the 
theory that the jiaroxysmal outbursts of the Arakan mud vol- 

1 Kayecr. Liolubuoh der allgoinoineii Geologio, Vol. J, j>. 489. 
Abicli. “ Ubor eino iin CaHj)ischon Mecre ctscliicneiiu IiihoI.’' Mi ivoir. rfe 

At ad. Jfffp. df' Sf. PderHbounjt »Ser. VI I, VJ. 
a i?*"-., (hoL Surv. Vol. XI, FI. 2, pj.. 20G-207. 
S Jitir j Gtiol. Snrh. Ind.^ Vol. XXXVI, Ft., 3, |)p. 214—232. 
0. S. MiUcllemists : “ Two Cti.ioutta Kartiiquukus of 1900.'" 
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canoes are apparently sympathetic responses to seismic disturb¬ 
ances in their neighbourhood. The linear arrangement of the Indian 
mud volcanoes is by no means an uncommon occurrence, like the 
nearly straight line of salses which run across Sicily and to the 
similar arrangement of the Baku mud volcanoes. 

This seems to add confirmation to the theory, for the mud 
volcanoes are doubtless aligned upon fissures or some other line > 
of weakness in the strata. It may be supposed that the cfEect 
of a sudden shock on such an unstable system might be either 
to loosen the superimposed strata and allow the pent-up gases 
to escape ; or to close up the fissure from which thev were 
gradually escaping, and so allow of sufficient pressure being 
developed as finally to rupture the strata with explosive violence 
and shoot out immense volumes of mud, water, oil and gases, 
into the air or sea as the case might be. Mallet helieved that 
the ignition of the gas was due entirely to frictional electricity 
and the consequent production of sparks. 
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Gypsum Deposits in the Hamirpur District, United 
Provinces, by T. D. LaTouche, B.A., F.G.S,, 
Superintendent, Geological Survey of India. 

IN the month of August, 1908, information was received from the 
Collector of Hamirpur District in the Criited Provinces, and from the 

Political Agent in Bundelkliand, that deposits of gypsum had been dis¬ 
covered at several places situated on the alluvial plain iji the angle be¬ 
tween the Bairma river, a tributary of the Betwa, and the latter river, 
about half way between Tlamirpur town and Kulpahar, on the Jhansi- 
Manikpur Railway. According to this information, the villages where 
the mineral wUvS found are nearly all situated ui the tehsil of Rath (ap¬ 
proximate latitude 25° 40'; longitude 79° 40'), in the District of Ilaniir- 
pur, and it occurred also over an area of about two square miles near 
Pandia, in the small adjoining native State of Sarila (25° K/ ; 79° 45'), 
This State oecupii'S a portion of tiie same allaviid ])lain, and is in 
fact enclosed in the Hamirpur District, the bcjuridaiy being merely 
political, and not marked by any natural featun*s. 

Regarding the mode of occurreiiee of tlie gy]>siim the information 
stated t^at it was found at a depth of from 4 to (> feet below the surface in 
the numerous ravines that fringe the higli alluvial plain in the neighbour¬ 
hood of the main rivers, and pointed to tlie existence of a more or 
less continuous bed of the mineral. Samiiles forwarded by the 
Political Agent in Buudelkhaiul to the Geological Survey Office 
were found to be fragments and crystals of selenite, and an analysis 
juade by the Agricultural Chemist, Depaitment of J.and Recoids 
and Agriculture, United Provinces, shovvcd that they consisted 
of 99*98 per cent, of hydrated calcium sulphate, ('aSO^. Ihe 
Secretary to Government United Provinces, in a letter to the Director 

B 
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of the Geological Survey, says that it was sold locally at 12 seers 

(24ft)) to the rupee, and at 6 seers in Cawnpore, where it was said 

to be used for sugar-refining, but the Agricultural Chemist suggests 

that it is more probable that it is employed as an adulterant. As, 

however, gypsum is not used in sugar-refining, T wrote to the Collec¬ 

tor of Cawnpore, who referred the matter to the Superintendent of the 

Cawnpore Sugar Works, Limited. The latter gentleman repudiates the 

idea of gy]:)sum being used as an adulterant, on account of its insolubility, 

w'hich would lead to its speedy detection. The Collector remarks that 

the famdriSj or native druggists, who stock gypsum, say that there is 

not much sale for it; and that it is solely bought by native physicians. 

The receipt of this information caused a considerable amount of in¬ 

terest among the officers of the Geological Survey, for it was thought 

possible that if the manner of its occurrence were confirmed, the discov¬ 

ery might point to the existence of some of the Lower Tertiary "'marine 

beds, corresponding mth those of the Subathii group in the sub-Hima- 

layan region, which frequently gypsiferous, beneath the alluvium of 

Bundelkhnnd. So far, no tract's of beds of this age have been found 

along the southern edge of the basin filled by the alluvium of the Ganges 

and its tributaries, although there is vo rc.nson to suppose that they may 

not exist beneath the alluvium. At the same time it was recognised that 

the gypsum might have been formed by the drying up of ohl salt lakes, 

as in the Rikariir and Jodhpur States of Raji)utana, or that it might have 

been produced sporadically l)y the action of sul[)liuric acid, dorivanl from 

the oxidation of iron pyrites, on liin..stoue, as in Baluchistan and in Bur¬ 

ma. An early opportunity of examining the hexh in the field was there¬ 

fore taken, and in Xovember last T visited all the known occurreruies of 

the mineral in the area mentioned above. 

The country in which the gyj)sum occurs is of the usual type met with 

in the Thiited Provinces and Bundelkhand in the neighbourhood of the 

larger rivers. These flow in det'p, trench-like channels, Avith high, often 

vertical banks excavated in the hard kunkcr-bearing alluvium which 

spreads ower the whole face of the country. The surface of this is nearly 

level, and at a considerable licight above the cold-weather level of the 

rivers. Along the river courses innumerable narrow, tortuous ravines, 

clothed with thorny scrub, are cut back into the high ground, forming 

a perfect labyrinth of broken country extending to a distance of as 

much as three or four miles from the main stream, without water in the 

dry reason, but becoming rapid torrents during the rains, when the rate 

at which they wash doAvn and cut back into the fertile lands above must 
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be a serious matter for the cultivators. This old alluvium belongs to a 

period of deposition which has now passed away, and it is in all cases 

being cut into and swept away by the present rivers and streams. 

The upper surface of it is never reached by the highest floods, but 

between the high banks stretches of a more recent alluvium, at a lower 

level, are met with wherever the valley widens out. A good example 

of the kind of country described may be seen at the crossing of the 

Charabal river by the railway bridge at Dholpur, and of the Jumna at 

Agra and Delhi. 

A very cursory examination of the gypsum deposits was sufTicient to 

show (1) that the mineral was confined entirely to the older alluvium, (2) 

that it was found at a more or less uniform deptli from the surface, usual¬ 

ly about 5 or 6 feet, irrespective of the elevation or position of the locality, 

and (3) that it did not form a continuous band, or even a succession of 

lenticular layers, from one locality to another. Any hope of its affording 

a clue to the dis(!Overy of the long sought-for Tertiary beds on the south¬ 

ern shore of the Gangetic basin must therefore be abandoned. At the 

same time the mode of occurrence of the gypsum is not without interest. 

On first making enquiries at the villages mentioned hy the Collhctor 

of Hamirpur, the inhabitants in most ceases assured me that the gypsum, 

which is known locally by the name of “ harsunih,’'^^ did not occur at their 

particular village, but they all agreed in saying that it was to be found 

near Puraini (25*^45'; 79°50'), a large village lying about miles west 

of the Bairm i river and Parcha, about 3 miles further wTst. in the Sarila 

tStale. In all cases, in order to vcWfy the statement^ of the villagoi’s, 1 

made a careful examination of the sides of the ravines in the vicinity, 

but without finding a trace of selenite in any of them. A few fragments 

w^ere also found at the village of Katiliri, close to the l^airma to 

the east of Puraini. 

The selenite is in fact confined to a few definite s])ots. which'are well 

known to the villagers, and is restricted in each case to a very small area. 

The most important of these is situated at about a quarter of a mile to 

the west of the village of Puraini, and a descrijfiion of this occurrence 

will apply equally well to all those known at. present. At this spot the 

hard alluvium, filled with nodules of carbonate of lime, or kunkur, differs 

somewhat in appearance from that immediately surrounding it. The 

surface is swollen up into a low mound, consisting of aplastic clav, a 

1 I am not aware of tho etymology of tliiw word. 'I’lio Hindi nanir-^ for gypsum 
given in Sir George Watt’s Dictionary of Keononiie Products are I'ldmir and kurpura- 
silQait. HatiiUnlh is not to bo found in any dictionary to winch I have had access. 
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circumstance that has attracted the notice of the villagers, who call this 

clav ‘‘ gajar or plastic earth,^ and who say that its occurrence is 

an indication of the presence of gypsum beneath the surface. The selenite 

is found in this clay at a depth of about 6 feet, in single crystals and frag¬ 

ments up to about 5 inches in length. The crystals are spindle-shaped 

with sharply pointed extremities, and show no signs of having be^n trans¬ 

ported or rolled, but have o\ idently been formed in situ in the clay. A 

simple explanation of the origin of the mineral is, I think, afforded by 

the fact that the clay containing the selenite crystals is more plastic than 

the surrounding alluviuir, and at the same time accounts for its restric¬ 

tion to certain definite spots. These appear to be the sites of what may 

be called submerged springs, not powerful enough to flow out at the sur¬ 

face, but sufficiently so to keep the superficial layers of the alluvium in 

a more or loss moist condition. The sulphate of lime, due to the re¬ 

action of sul|)liuric acid, derived from the decomposition of pyrites, on the 

carbonate of lime disseminated through the alluvium, is thus brought up 

in solution from below, and deposited in the clay near the surface as the 

moisture evaporates. A sample of water from a well at Puraini, tested 

in the Geological Survey Laboratory, was found to contain sulphur in 

considerable quantities, both in the form of sulphuretted hydrogen, and 

in sulphates. 

At this locality the selenite was found to he confined to an area of 

about 000 square yards, no trace of it being met with in pits dug beyond 

tlic limits of the plastic clay, and the pits sunk within this area showed 

that the deposit was iiot more tlian 2 feet thick. It also occurs over an 

area of about 400 square yards at a s])ot half a mile to the south of Pur- 

aini on the road to Muliammadpur, where it is picked up on the surface 

after the rains, and to a very small extent in the bank of a small w^ater- 

cours(* between Katihri and the Pairma river, about 5 miles to the east. 

At the Parcha locality, about 3 miles vest of Puraini, a pit some 20 feet 

in diameter and from 5 to 6 feet deep, had been dug by the villagers, 

and practically the whole of the dej)Osit removed, as I found by digging 

into the sides of the large pit, when only a few crystals, which had 

escaped notice, were turned up. As these are the only places where 

it is known to have been met with in this district, and as it is unlikely, 

judging from the nature of the deposit, that any more prolific 

occurrences will he discov red, it is evident that the total quantity 

of the mineral available is quite insignificant. I was informed that 

t Perhapa connected with Hindi rjiizar, a fuller or bleacher* 
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about 12 maunda, or a little over 8 cwt. had already been despatched to 

Cawnpore, and I question whether there is as much as that still remain¬ 

ing to be extracted. 

Another deposit of gypsum, which appears to be of exactly the same 

character, was referred to in a letter from the Political Agent in 

Bundelkhand to the Director, Geological Survey of iiidia, in October 

1905. It occurs at the villages of Parwar and Barwa, on the left bank 

of the Ken river, in the native State of Gaurihar, about 20 miles south 

of Banda (25*^ 22' ; 80" 22'). It is described os occurrhig on both side's 

of the river in large mounds of earth, covering an area of 200 and 300 

square yards at each village respectively. The earth conijjosing the 

mounds is soft and quite moist when first exposed to the air, and the 

gypsum occurs, as at Puraini, in detached crystals, which are picked up 

from the surface as the soil is washed away during the rains. It is said 

that a man could collect about a seer and a half (about 3 lb.) in a single 

day and it sold in the Banda market at one anna a seer. 
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I.—INTRODUCTION. 

ucua iieui iviiunmU Ever since the discovery of Gangamoptorj! 

in the Vihi district of Kashmir,^ 
The Gaiigainoiiteris problem the question of their exact re¬ 

in Kashmir. lation to the Zewan,Anthracoiithic, 

j-called Permo-Oarboniferous strata in the same locality has or so- 

‘ By F. Noetling, first announced in Oeneral licix>rt, Gei.logifal Sutvi'y of Indian 
1902.1903, by T. H. Holland. 

2 Sec Godwin Austen, Quart. Journ, Qeol. XXII, .IS (1800), and Verchdro, 
Joum. Aft. So-., Bengal, XXXV, No. 2, 120 (1867). 
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been one of the very greatest importance for Indian geology, 

because of its bearing on the correlation of the great fresh¬ 

water Gondwana formation of Peninsular India with the richly 

fossiliferous marine sedimentary systems of the Himalayan area— 

two widely distinct geological provinces which up till then had 

never been found in juxtaposition. 

The papers by Noetling,^ Oldham,^ Hayden, ^ Srnitli Woodward 

and Seward"^ have done much to 

Recent Workers. solve the ({uestion, but it was still 

felt to be a sufficiently complex 

and iiriportant one for more light to be. thrown on it with advantage 

by further researches. On this account 1 jjrocecded last summer 

to examine the problem once again and to make a detailed strati- 

graphical study of the surrounding areas. 1 examined all the old 

localities; and my results comprise detailed measured sections of 

those localities in the Vila jdain which had been left without 

thoroiigh re-examination since 18GG. 1 endeavoured to obtain as 

representative a scries of fossils as possible by collecting to strict 

horizons, and thus to correlate the sections bed by bed at all the 

various points visited by me. 

On the way there 1 was able to revise the geology of a part 

of the main Pir Panjal range; and 
OtliCl discovciics. whilst crossing this for the purpose 

of examining some suspected Zewan exjiosures, 1 found a section of 

great importance in its bearings on the Gangainopteris ])foblem, 

namely, a more complete and more convincing series of fresh-water 

deposits containing not only GangamopUn'is, but Glossopteris and 

several other characteristic. Lower Gondwana and lying de¬ 

finitely beneath those Zewan beds. 

Later on also I was fortunate cnougli to lind a Lower Carbon¬ 

iferous horizon in the Lidar valley, wliicli makes juobable an in¬ 

terpretation of the stratigraphical sequence and structural folds 

there entirely different from that olTered by Lydekker-^ in his gene¬ 

ral work on the geology of Kashmir. 
My thanks are due to my colleagues, Messrs. IL H. Hayden and 

j 1 Centralhlatt jur. Mn\., QioL inui FaL, 12a (lacU). 
2 i?ec. OcoL burv. of India. XXXI, 5 (ni04). 
3 jKcc. GeoL iSurv. of India. XXXVl, 23 (11)U7). 

\ ^ Fal. Jnd,. New Ser., II. Mem. 2 (I'JUo), and Sew aid, liccf (JccL Svrw oj 
India. XXXVI. p. 57 (1907). 

& Mem. GeoL iiurv. oj India. XXII, p. 13r». 
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G. H. Tipper, the former for many useful hints during the prepara¬ 

tion of this paper, and the latter for much assistance in fossil 

determinations. 

II.—ROUTE INTO KASHMIR. 

Jfor special reasons mentioned in the next section I entered 

^ Kashmir by Jammu and the Golab- 

TiaJammu aiulGoIahgaiii. garh pass. This pass is in lati- 

29' 30" ; longitude 74° 50' 20", 

is 12,530 feet high, and is one of the less frequented routes 

over tlie Pir Panjal range intermediate in position between the Pir 

Panjal and Banihal passes. 

Tlie few notes I was able to put together concerning my route 

across the low hills of the younger 
Modifications of Ljdekker s Tertiary zone, the limestone belt at 

***^^*' the north-east edge of tlie latter 

and the Panjal slates, schists and gneissosc granite which form the 

outworks of tlie higher range as far as Golabgarh, arc not of any 

special interest as regards the main subject of this paper. I 

shall, therefore, omit all account of them here and limit my remarks 

to a brief reference to the strata as found in the Golabgarh valley 

itself and on the ascent from there to the pass, where important 

modifications of Lydekker’s map have been rendered necessary. 

Instead of the Golabgarh vallev and the 4,000 odd feet from 

it to the pass being in inetamor- 

or gneissic rocks, 1 found the 

former to be cut out of an immense 

anticlinal of Panjal slates, angular conglomerates and quartzites, 

whilst the upper limbs of the anticlinal, one of which forms the 

steep, clifE-like ascent to the pass, I found to be wholly composed 

of a very great thickness of massive Panjal traps, frequently 

amygdaloidal. This anticlinal is illustrated in the view' (PI. 26), 

which is taken from the neighbourhood of Golabgarh Arital and 

near wnerc the ascent begins. 

As Lydekker in his memoir (op.a7., Vol. XXIJ) makes no special 

reference to this place I can only conclude that his mistake as to 

the constitution of the main range there was due to his having 

only seen it from a distance, a quite likely supposition since the 

massive aspect of these Panjal volcanics certainly simulates that of 

a gneissic rock. It is true that some way below Golabgarh in the 
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neighbourhood of Dowal (Dewal) and Angril (Angrala) bands of 
gneiss or gneissose granite are met with penetrating what must be 

called for want of a better term, Paiijal slates, causing readily 
apparent extra metamorphism of the same, but all such beds are 

comparatively thin, and finally end before the N.W_S.E. upper¬ 
most reach of the Golabgarh stream is reached. 

That Lydekker never crossed the Pii Panjal at this point seems 

indeed additionally evident from the fact that ho has not recorded 

from there any of the younger fossiliferous series, although, as will 

be described in the next section, a well-exposed synclinal of them 
lies axially on the pass itself—a feature which it would be impossible 

for a geologist who had been there to overlook. 

III.—GOLABGARH (KURI) PASS SECTIONS. 

It was in consequence of specimens sent to the Geological Sur¬ 

vey Office by Mr. Allan Campbell, 
Fossils sent by Mi. A. Assistant Engineer to the Kashmir 

* Railway Survey, in the morith of 

February 1905, and which were determined by Mr. Pilgrim as 
Productus, LyUonia^ Protorete'pora amfla Lonsd., Spirifer Musahhel- 

ensis Dav., and Spiriferina sp. cf. Keniuckensis Shumard, and 

typical of the Zewan beds, that I entered Kashmir by way of this 

pass, so that I might examine them more fully, especially since, 

from his workinVihi, Mr. Hayden thought it not unlikely that the 

Gangamopteris beds might also be found in connection with them, 

a supposition which, as ah'eady stated, I was able to verify 

beyond all expectation. 
The marine Zewan beds were found without any difficulty from 

Mr. Campbeirs description of their 
Syiicliiic ol /ewaii beds occurrence, but instead of being in- 

above Gondwaiias. X 1 n 1 .1, r> • 1 1 
terbedded with the Panjal volcanics, 

as was supposed by their discoverer, I have established that they 
lie in a tight synclinal fold among those volcanics, and superposed 

on the plant-bearing Lower Gondwaiia strata. 
Their general strike is N.W.—S.E., but at the pass itself 

N.W. by N. and S.E. by S., with 
General strike. ^ N.E. aide 

of the syncline of 63° S.W. by W. as taken at the basal con¬ 

glomerate. The synclino thus strikes diagonally across the pass 
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and across the descending ridges which meet to form the pass in 

a W.—E. line. 
On the south side of the pass the country slopes gently for 

about a mile, and then descends 
^ Pjwr sections south of the gj^arpiy to Golabgarh in a series of 

crags and steep slopes in the Panjal 

volcanics. The change occurs at the incoming of the Zewan or 

Penno-Carboniferous synclinc. Owing to this flattening of the 

ground immediately south of the pass and the consequent litter 
of fragments scattered all round, the junction of the younger rooks 
with the traps is not actually well seen along the line of route. 

But across the valley looking east, just where the steepening begins 

one can see clear signs of the Permo-Carboniferous rocks setting 

in on the top of the volcanics. 

On the north side of the pass the ground drops rather suddenly 
for a few hundred feet and save for 

Sections Oil iioith side of ^ snow slopes hiding portions 

of the section (in July) tlierc was a 

clear exposure of all'the rocks with the exception of the junction 
and lower part of the younger series on the S.W. of the 
syncline. Thes^ exposuf3S are either on the actual pass and com¬ 

posing hill spurs which meet there, or on the north slopes below 

the crest of the pass (see Pis. 27 and 28). 

To the N.\V. of the pass on the minor spurs descending N.E. 

towards Gogalmarg additional sections are seen which will be 

described later. They help to fill in details of the section on the 

S.W. side of tltc synclinal. 
In the. distance, viewed from the pass, the outcrop of the 

synclinal of the younger series can 
Elteiision of the syncliual seen to continue, probably with 

ii*w* aim isiut - 1 i .1 • 
increased or equal strength, m a 

S.E. direction among the high slopes and ridges for certainly 
over a mile. I should anticipate that in this direction the syncline 
with good exposures would continue for some way beyond that, 
but I was unable to explore further in this direction owing to mon¬ 

soon conditions (which were heavy at that side of the pass), and 
also owing to my camp being at Gogalmarg, some 2,000 feet down 
on the Kashmir side of the pass. For that reason every day I 

had a two hours’ walk before I could begin work and one hour 

for returning. A suitable time for exploring the S.E. continua- 
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tion of this syncline would be a little later at the end of the rains 

and before the winter sets in. It should be approached, however, 

from the Kashmir side as the long and tedious journey from Jammu 
should be avoided if possible by any future explorer. 

As regards the N.W. continuation of the synclinc, the strike 

must take the outcrop down the S.W. side of the Chitti N., 
but inasmuch as already in the near secondary spurs the heart 

of the synclinal so exposed was only sliowing lower beds, and 

inasmuch as old moraineo spread out right down to the Chitti N. 
where lower and lower dc})ths are constantly being reached, I do 
not anticipate any further exposures -unless pcrlmps the ridges 

near Sitpoor Station, 9,840 feet, may give such—in that direction 

where they must eventually disappear beneath the Karewas near 

Sedan and Khazanabal. J should have liked to follow along this 
route to Srinagar, but the monsoon and melting snow had destroyed 

the numerous bridges on this route, and 1 liad perforce to 

proceed via Nandmarg (Nanmarg) and Kulgam. 

1.—General Sequence in the Syncline. , 
The general sequence of strata in the synclijud in ascending 

order is (1) a basal conglomerate 

beds, (2) a series of siliceous shales, 

quartzites, carbonaceous shales and sandstones with a Lower Gond- 
wana flora, (3) soft earthy calcareous sandstones and limestones 

with a typical Zewan fijiina with many divisions identical with 

those in the Guryul ravine section (see p. 2!)3), (4) a thin-bedded, 

blue-grey limestone forming tJio core of the synclinal on tlie ridge 
west of the pass. No fossils were found in the latter, but from 

its resemblance in composition and position to similar beds in the 

Guryul ravine it is not improbable that it may really be of Trias- 

sic age. 
Tlie whole set of rocks, from their sometimes dark colour and 

generally tliin-bedded condition, contrast well with their setting of 

massive, frequently pale weathering beds of the enormously thick 

Panjal volcanics. 

2,—Details of the Beds, 

Basal Conglomerate (F). 

This is a strong, well consolidated bed containing pebbles, 
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frequently rather flattened and reaching the size of racquet balls. 

The bed is a compacted mass of those pebbles and about 6 feet 

thick on the crest of the east ridge connecting with the pass. The 

bed is so strong that it forms a wall-like mass towering above 

the succeeding siliceous shales and sheeting the underlying volcanic 
rocks. The contained pebbles are chiefly compact grey chert-like 

rocks. Others are dark slate fragments, with a sprinkling of small 

quartz grains. There is no indication of unconformity with the 

underlying traps. 

Siliceous and Carbonaceous shales. 

(V-1, V-2, V-3, and V-4.) 

These follow above the conglomerate and are thin-bedded, buff colour¬ 

ed, siliceous, compact rocks, interbedded with grey shales or fine 

ash (?) and carbonaceous shales. The former are hard and platy 
and may be chert, ash or even felsitic, but they suggest hardened 

and silicified shales. They are about 180 feet thick. 

Hard grey Sandstones and Carbonaceous shales, 

(W, W-1, and X.) 

Next follow—all in apparent normal sequence—400 feet 

of very characteristic beds, being hard, grey sandstones, sometimes 

almost quartzitic, fine-grained and interbedded with numerous shaley 

horizons. There are also occasional white quartzite layers (not 

novaculite). Near the base of these an inconspicuous pale shale 

(W-1) about 5 feet thick, rather soft and weathering easily, and 

marked on the slope below the crest by a particularly well seen 

bright primrose-coloured lichen, yielded the first horizon with plant 

remains. It outcrops up the slope a little below and east of a 
prominent V-shaped gap on the crest of the ridge (see PI. 27). 

The inconspicuous nature of this shaley band made me miss it 

until, after coming across a fallen weathered fragment full of fossils, 

I tracked the latter to its home and found it in situ on the slope. 

This band is crowded with, sometimes weU-preserved, plant xe- 

mains, mainly PfiryjmopAj/Mwm (?) in many-leafed groups attached to 

one stalk, some examples of Gangamopteris cf. cychpteroides Feist 
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and a few of Olossopteris cf. communis Feiat. The rest of the sec¬ 
tion up to, but not including, (X) consists of repetitions of the 

somewhat hard and splintery sandstones and shales, among 
which plant impressions appear to be scarce, and good fossil 
horizons certainly absent. 

With bed (X) we reach a rather prominent, hard and compact, 

black shale, 20 feet thick, standing protrusivcly from the rest of 
the section, and especially well seen on the slopes. (It is not well 

seen on the crest.) The shale splits readily under the chisel into 
flat slabs, and it is sparsely fossilifcrous, the best specimens being 
found near the base of the layer. Its ])osition in the photograph 
(PL 27) is indicated by a small isolated patch of snow under a gap 

in the crest to which the bed outcrops up the slope. Here Oloss- 

opteris is the prevailing genus, chiefly G, communis, but one specimen 
I identify with G. decipiens Feist. There are also numerous ex¬ 

amples of Vertebraria indica Royle, and some other undetermined 

fragments of plants. 
The above two plant horizons make certain conclusions of a 

general nature possible *— < 

(1) The general association of plants in the lower one (W- 
1), including the prevalence of Ganffamoplcris and the 

rarity of Glossopteris, suggests a Talchir homotaxis for 

it. In the case of this horizon, liowcver, the bed was 
so fragile that I brought away samples of it in a few 

large pieces, the splitting uj) and development of which 

1 jueferred to leave to the expert who eventually will 

examine them critically. Hence my conclusions may 
possibly be far from exhaustive. 

(2) The upper bed (X) on the contrary, with its luonounced 
Glossovferis flora, and especially the species G, deri- 

piens, which is regarded as a passage form between 
Ganqwmopteris and GlossopUns and docs not range as 

: high as the Damudas, suggests a Karharbari horizon 

for that bea (if my specific determination be correct). 

In any case it seems certain that these 400 feet of carbonaceous 

shales and sandstones should be homotaxially grouped with those 
near the base of the Lower Gondwanas of the Peninsular series, 
even though there is no sign here of any glacial boulder beds 
which arc so distinguishing a feature of the Talchirs of Southern 

India as well as of the Middle Carboniferous of the Salt Range. 
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Earthy sandstones {calcareous above) (Y). 

The next beds in the section follow as if uninterruptedly and 

perfectly conformably, beiug visible like all tlie preceding from the 
crest—where they make a rnther prominent bulge — right down 
to the bottom of the slope. They are rather massive, soft, light 

coloured, earthy, sandstones, becoming calcareous above in lenticular 

patches, by which they pass up into the next stage. Their thick¬ 

ness is about 230 feet. . 

Protoretepora Limestone (Z). 

This is the most fossiliferous of any horizon in the section The 

lower part (Z-l) is rather more sandy and shaley and is charac¬ 
terised by brachiopoJs which are compacted into the rock and an 

absence of Protoretepora. Among them is a Productus allied to 

ganyeticus Dien., or Purdoni Uav., and a (?) RhynchonvUa- Horizon 
Z-2 coming above the last consists of thin-bedded slabs of dark, 

f(ptit limestone, showing many and beautiful plumes of Protore¬ 
tepora ampin Lonsd. ; Spirifer fasciger Keys, (musakhelensis), 

Camarophoria cf. Purdoni Dav., and Lyttonia are also represented. 

The whole thickness of the series is about 200 feet, but it was diffi¬ 

cult to gauge accurately as the lower parts were only seen along 
the crest of the ridge just east of the pass; whilst the northern 
slopes were entirely covered up at the time of my visit by a thick 

bank of snow along which ])art of the pathway led (see PI. 27). 

Although the fossils are not generally well piescrved in this stage, 

I think a better collection than 1 was able to secure could begot 

at another time of year when the slopes become clearer of snow. 

On the face of it there can be little doubt about this fauna 

being a typically Zewan one, identical with that d the Zewan 

spur of the Vihi sections-- an identity emphasised also by the 

general sequence, faiinistic and petrological, of it and the next 

succeeding beds. 

Black Shales (A), 

These are not well seen, but there is a trace of them on the 

ridge close to the pass, and others at the lower part of the slope 

below and N.W. of the snow bank. The latter, however, is 
pot (juite certainly in place. 
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Earthy micaceous sandstones (B), 

Lying to the west of the actual pass and rising above the snow 

slope which conceals (Z) and (A) comes a rather massive soft earthy, 

micaceous, greenish-coloured sandstone with casts of fossils here and 
there. It is 300 feet thick and resembles (Y). The pathway in 
part zigzags down this to avoid the snow on the steeper slope. A 

small Marginifera was recognised in them. 

Black Shales (C). 

This is a thin band 10 to 20 feet thick and standnig up rather 

prominently just before a gap in the ridge. With it are some lenti¬ 

cular patches of limestone with Spirifer Rajah Salt., etc. 

Blue-grey Limestone (D). 

Thin-bedded light blue-grey limestone follows forming the core 

of the synclinal and rising up the western ridge above the pass. 

It shows a gradually steepening dip, with much crushing, aijd fossils 
are absent or very scarce. It probably represents the Trias of 

other sections. 

3.—Other Sections near the Pass. 

Above the point on the ridge last described the section begin 

to repeat itself to the west and south. Bed (B) is clearly seen, 

but above this the crest and slopes are much covered by talus and 

nothing is clear. 
Another section, however, is provided of this side of the synclinal 

by the secondary sj^ur which descends from the high hill mass west 

of the pass. It descends from the 2iid “A” of the word “SAKAL” 

on the Atlas of India sheet 29 N.E. and skirts the N.W. 

side of the little glacier (see PI. 27) on its way nortli towards Go- 

galmarg. There is a rather obscured section in the sandstones 
(Y) and limestones (Z), which latter form the core of the fold there. 
The S.W. side of the fold shows traces of the conglomerate, 

whilst pieces of shale and hard sandstones (the former with plant 

impressions) can be picked up on a grass-covered slope representa¬ 
tive of beds (V) — (X). The base of the N.E. side of the 

fpld is hidden under moraine and rubbisli heaps along thi^ second¬ 

ary spur. 
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Looking S.E. from this point to the pass and main ridge 

to the west of it, the nearly vertical, and possibly partly faulted, 

nature of this side of the synclinal is clearly seen. 

Northern side of the Pass, 

The encircling ridges and spurs leading down N. and N.E. 

from the pass to Gogalmarg and beyond there to Nandimarg 

(Nanmarg of the map) show a great repetition of the very thick 
and massive Panjal volcanicSj interbedded here and there with a 

few slates and quartzitio rocks, dipping steeply to the S.W. 

and forming the N.E. limb of the grand synclinal fold that 

has its axis in the younger strata at the pass. These volcanics 
in fact occupy all the area marked on Lydekker’s map as Panjal 

slates from the pass to near Nandimarg. Only in the lower parts 

of the valley, shortly before the sub-recent Karewas set in, do Pan¬ 

jal slates, quartzites and angular coiiglomeratcs appear. 

4.—General Results from the Pass Sections. 

Taking the synclinal fold as proved, there are one or two other 

points about the section that require attention drawn to them. 

In the sequence of strata just described it is clear that from the 

conglomerate (V), lying on the volcani(*s, up to the presumed 

Trias in the trough of the synclinc, there is no sign of any discord¬ 

ance, either in the Ho of the rocks themselves or in the sequence 

of the sodimeritarv material of which they are composed. A per¬ 

fectly normal, consecutive superposition of the beds, passing by 

gradation from one into the other, without any stratigraphical 
break and without any sudden variation in the angle of dip, is 

manifestly the correct and only possible interpretation of the sec¬ 

tion. 

It only remains to point out that, if the identification of the 

plant-bearing beds with the Talchir and Karharbari stages of the 
Lower Gondwanas is warranted, it becomes evident that the latter 

in their Peninsular development must now take their absolute strati¬ 

graphical position in the world-sequence from the marine beds 

lying a short distance above their Kashmir equivalents, namely, 

the Protoretepora ampla Lonsd., horizon of the Zewan beds. P. 

ampla is an Australian bryozoon typical of the Gympie or Lower 

so-called Permo-Carboniferous of Queensland, and not found passing 



297 Part 4.] Middlemiss: Gondxvanas of Kashmir. 

up into the Star or Bowen series of younger Permo-Carboniferous 
age.^ In this connection it is interesting to note that my corre¬ 

lation of the Golabgarh plant beds with the Peninsular Talchir 
and Kaiharbari horizonSj on the evidence of their contained flora, 
is- therefore indirectly verified by their being associated with beds 
containing Protoretepora ampin, since the latter in Australia marks 
a series characterised by an unconformity below and by its con¬ 
taining glacial boulder-beds—just as is the case with our Indian 
Talchirs. 

Exactly as to why this Talchir facies of the rocks of the Golab- 
garli pass is wanting in evidence of tliose widespread glacial con¬ 
ditions, one cannot say; but it seems to be undoubtedly 

so, as also is the case with the sequence of j)urcly marine 
beds of about the same age in other parts of the - Himalayas, 
whilst as pointed out f)y 8ir Holland,^ we are relieved from the 
necessity of considering the undoii))tcd glacial beds of the Blaini 

in the Simla sequence to be a Talcliir facies of identical age (for 
which there is no fossil evidence whatever) in view of the much 
older widespread glaciatiojis of Asia, Australia and South Africa 
now known to have taken j>lace in C'einbrion or at least Pre- 
Devonian times. 

IV.- KASHMIR VALLEY—VIHI DISTRICT. 

The Vihi district lies on the right bank of the Jlielum river one 
march above Srinagar. The Zew^an strata as there found together with 
tlie underlying traps and overlying 'I’rias, etc., are tlicreforo sej)a" 

rated froig the Pir Panjal outcro])s just descjibcd by the wide de¬ 
posits, both recent and sub-recent iKarcwas) that occupy tlic in¬ 
tervening river vallev. A notewortliy feature is the way the strike 
wanders about—twisting and turning on itsidf in a manner foreign 
to Himalayan geology. By some cause, not fully understood, the 
regular N.W.—S.E. fiexuring of the mountain mass appears to 
have been hindered or complicated by other tendencies, and the 
result is a rough basin-shaj»ed* arrangement of th'? Carbon-Triassic 

group of rocks here with, as one may say, crinkled edges. 
References to the original workers in this area ha\'e already been 

made in the Introduction, and 1 shall now ju'occed to describe 

1 Sco Jjifk niid KtheridRo. Oeo!. aid ra^a'ovfol. of Quirn.^hni, 
2 iS'i/rr. o/ Ivdia^ Vol. XXXVtI. r*- *'P' 

C 
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a few of the chief sections in detail, freely illustrating them 

with sections, diagrams and sketchctS, so as to bring out as graph¬ 

ically as possible the relation of the various fossil zones to one 

another. It is only to be regretted that tlie want of a large- 

scale map prevents me from making this aspect of the subject still 

more complete. 1 have introduced, however, a sketch plan of the 

area whereby tlio geographical position of the various spurs where 

individual sections arc taken may be readily grasped (PI. 31). 

1.—Zewan Spur, 

The full sequence of this classical lo(;ality has been recently 

rodoscribed with a diagram section by Hayden {Rec, Gcol. Surv, 
of India, Vol. XXXVl, part 1, 1907, with iMates 4 and 7). In it 

he recorded finding specimens of Gangamoptcris in the shales below 

the Zewan marine strata. 
1 worked through the entire series witliout making any new 

points, except perhaps that Hayden’s beds 23 and 24 seem to be 

interbedded with each other, and not to occur separately. It is 
a little difficult to be certain on account of the dij) being almost 

with the slope, the actual amounts being 40'’ S.S.E. in the direction 

of Zewan village. These beds form the upj)ernu)st visible in the 

section. They may he descril)ed as a dark grey, massive limestone, 

full of compacted shells and with thin partings of grcenisli sliale. 

The former has wavy or undulating surfac^es like irregular ripjilc- 

marks [bed (1) and is being extensively quarried for build¬ 
ing ])urposes in Srinagar. Among the compacted shells Afltt/riti 

is prominent and a small cordate Prodactas, I'lie thin partings 

of greenish and black shah* (2) 1-8-08, contain Spir^erina cf. 
Kentuckensis, A thyris, ProtorHepora ampla, Lyttonia, Productus and 

a branching bryozoon, Thaimmcus sp. About 30 feet of these beds 

are exposed, and they are probably about the horizon of the 

Pfotoretepora beds of the other more comjdete sections which are 
about to be described. 

2.—Risin Spur- 

I walked over this section, getting abundant examples of Gang- 

amopterio, but nothing new. It has been described by Noetling, 

Oldham and Hayden, and, although isolated from the marine Permo- 

Carboniferous beds, its connection therewith has been clearly proved. 
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The fauna and flora are described by Messrs. A. Smith Woodward 
and A. C. Seward {Pal, hid,, New Scries, Vol. 11, Mem. 2), and 
photographic views of the spur are given in Hayden’s report {loc. 
cit., Pis. 5 j,nd G). 

Having already described the simihr but more convincing sec¬ 
tion of Gondwanas beneath marine Zewan strata in tlic (jolabgarh 
pass, it is no longer necessary to (flaborate further ])roof of this, 

and I may therefore now proceed to describe bed by bed the se¬ 
quence of the fossiliferous liorizons of the Carboniferous, Permian 
and Trias in the Guryul ravine, as tliey may now l)e ju’esumed 
to follow in regular sequence, above the fresh-waler Lower Oond- 

wana sediments. 

3.—Guryul Bavine and east of it. 

1 paid particular attention to Ihc section e^posed in this ravine, 
which descends frr m the north towards Khuiimn, bccuuse it had 
not been fully treated of in the reports of my predecessors, Hayden 

in j^articular liaving only bc(‘n able to devote a day or two to 
it. 

Hayden’s photograph (loc. cit.. Plates 1 and -o) and my camera 

lucida slvctch fPl. 29) will give a general idea of the gorge and 

the beds exposed The s<'c(ioii is iji every way an excellent tme 
and merits close dt\scri]>fion. 'I’w'o u])|»er braiielios of tlie ravine 
unite into the main ravine which* divi(h*s Panja! \oh‘aiiics on 
the left from the sedimentary (‘aibon-Trias on the rigid. Those 
Oil the left form great dij) slo[>es, lhos(‘ on the rigid ]n‘ominei)t 

stairps of altei’iiate clifT aiid slope. 
At the entrance to the gorge a groiij) of tw'o or three Choiar 

(plane) trees makes a promineid^ landmark whereby tlie 2>lace can he 

recognised from ufar.^ 
Just at the level of the lowest dumar tree one of the best 

fossil horizons in these rocks (1) 2-8-(t8 comes to tlie siirfaee, but 
the actual base of the marine deposits is only iourd a feAv hundred 
yards liiglier up the ravine, just below' wdu're the twa) upper branches 

of it meet. From the latter point the following section (see Plate 
30) was gradually pieced together. On account ol the steepness 

1 The place is oonvrnient tor a sniall caia]i, but unfortunately is iiifestod with 
snukes. After apencliiig some days lliere J had to rctiif to Kliuiimii village 
as my servants were getting nervous after killing several. 

c2 
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of the scarp the various points had to be reached by scramble 
up accessible parts of the slopes and traverses parallel to the out¬ 
crops. Of the older observers, Godwin-Austen has depicted a 
portion of the section {loc. c«Y., p. 34), whilst Verchere seems to 
have referred to the same in his interesting but rather fanciful 
section beginning with the spurs over Zowoor {he, ciL, p. 160). 

Novaculiie,—The lowest bed lying directly above the Panjal 
volcanics is here- seen to be Hayden’s novaculitc, a white cherty, 
very compact rock which that author has clearly shown to be a 
metasomatic replacement of limestone {he. cit, pages 29-30). There 
are from 0 to 10 feet of this. This and all the succeeding series 
dip at 30^ E.S.E. 

Siliceous rocks.—Above the novaculite the representatives of 
the Gangamopieris bods just here are not very thick nor well 
exposed. Hayden’s locality where a frond of Gangamopteris was 
found by him actually in these rocks is some hundred yards or 
so higher up in the bed of the right-hand stream above the junc¬ 
tion. The exposures here are dark, compact and siliceous rocks, 
and black shales, occupying the hollow between the novaculite 
and the next scarp of limestone. 

Dark grey Limestone,—Next follows a little scarp of dark grey, 
rather sandy limestone with shaley partings. It is from 50—60 
feet thick'. Obscure compacted layers of brachiopods arc repre¬ 
sented, but nothing in a good state of preservation could be ex¬ 
tracted. 

Fossil Horizon (1) 4-8-08.^- Above the crag just described 
a slope begins with shales and iiiterbcdded limestones, the first 
of the latter is a band about 10 feet above the limestone scarp 
a few inches to 1 foot thick only, of a dull grey colour, and full 
of specimens of Notothyris, Waag., or Hemiptychina, Waag., with a 
few Athyris sp. 

Protoretepora shales and Limestone.—Dark sandy shales and thin 
interbedded limestones full of Protoretepora colonies, one above the 
other, now succeed and are about 30 feet thick. 

5 Note.—Non© of these or subsequent field numbers follow in numerical order. 
They simply record the number and date of the specimen found, irrespective 
of the particiilnr sequence of the rocks. This saves confusion in numbering when 
fresh horizons require interpolating between old numbers. Their use is B(dely to 
define the particular horizons in the diagram sections to which specimens so 
numbered belong. 
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Fossil Horizon (1) 2-8-08.—A very well marked band of grey 

limestone, very like (1) 4-8-08, with well-preserved brachiopods, 

chiefly Athyris^ follows. It is about 1—2 feat thick, and lies near 
the foot of the next steep scarp. But the same bed is continued 

and much better seen at the entrance to the ^Gu^yul ravine at the 

group of Chenar trees. There the fossils stand out on the wea¬ 

thered surfaces and collecting is easy. From this horizon were 

obtained Athyris cf. Royssii, Lev., over :i00 specimens, all from the 

same bed, were gathered, of great variety of form, some being 
broad, others long, some flat and some globose. All appear to 

bo varieties of one species. A few specimens each were found of 
Prodmius cf. gamjeticus, Dien., or Abichi,'^Waa^g., P. semmticnlnius, 

Mart., P. cf. cancrinij Vern., P. sp., Camarophoria (a small form 

cf. Purdoni), Spirifer sp., Dielasma cf. acutangulumy Waag., Die- 

lasma sp. and one Gastropod and one Lamellibranch, Posidono- 

mya (?). 
Dark sandy Shales.—Next follow, forming a cliff or series of 

steps, 280 feet of dark soft, sometimes calcareous, sandy shales 

or shaley sandstones, micaceous and slightly carbonaceous. This 
is a very characteristic rock. It builds sometimes massive, but 
always splintery and wavy-bedded crags. It is petrologically very 

similar to the series above the Protoretepora beds in tlie Golab- 

garh pass. Hayden has already remarked on it being similar to the 
Productus shales of Spiti, only more sandy. In the section here 

and at other places to be described later, it stands out parti¬ 

cularly as crumbling bare cliffs, and helps to give the character 

recognisable at a distance to the Oarbon-Trias of this part of the 
Himalayas. A very similar bed is repeated at a higher horizon among 

Tindoubted Trias [see (B) 6-8-08]. 
In the lower layers it passes by means of a few interbeddiiigs 

of limestone layers down into the series below with (1) 2-8-08. A 

few traces of brachiopods are recognisable in them, but nothing 

good was found. In its upper layers it becomes more calcar¬ 
eous, passing gradually into the next set of beds. 

Although I found nothing worth collecting in them, Hayden 
has recorded Marginifera Himalayensis in collected patches fol¬ 

lowed by others containing Pseudomonotis and Spiriferina cf. Gries- 

bachi, Bittn., from the upper layers of this stage. 

Shales and thin-bedded Limestone,—The upper part of the last 
crag or scarp shades off into a slope with a marked saddle in 
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it, the latter being especially well seen on the spur descending 

to the Clionar trees at the mouth of the gorge. This marks 

the interbed cling of a sori(‘s of shales and thin bedded limestones, 

about 100 feet tliick, and witli one markedly fissile, black shale 

band 10 to 20 fett lhi<!k, oecarring just in tlie })cnd of the saddle. 

The latter contains haixhmed concretionary masses with small iron 

pyrites eiystals (2) 0-8-08. 

Beds (1) 0-8-08 and (I) 7-8-08.—.At the to]» of the last slope 

along the spur coi»ies the bed (1) 0-8-08 just at the foot of the 

nearly vertical wall of thin-bedded limestones that forms so marked 

a feature in the hill outline. It is a rather dark grev" limestone? 

and e(mtains a small spevues of PscodoowheAis in small crow'ded 

patches. This bed may be the sjune as the one mentioned by 

H jiydon and referred to under the last lieading but one. 

A])OLit the same Iio?uzo]i, but lower (l(»wri on the slopes of the 

spur, and near where the vertical cii(T above ends in the talus 

Ian, is horizon (1)7-8-08^ containing (?) corals ami Pseudomonotis^ etc. 

It is ])robab[e that the Ihuunian series inds here, or somewhere 

here. Tlayden lias mentioned the finding of a band of hard lime¬ 

stone with Dannbites^ Fleotinfjifes and Bclleroplion near here, or 

])orhaps at a slightly lower horizon, and as will be seen later the 

next fossil zone found hy me in the next saddle above the 

verticuil crag contains many Lower Trias cephalopod forms and la- 

niollibranclis. 

Lower Trias (?). - A steej). almost vertical cliff of liard, thin bedded 

limestones with hard shaley jiartings follows next. It is about 

100 feel, thick, but iCs lieight varies at diOenuit jilaces along the 

scarp. It may be recognised in the canuu’a sketch by its jiro- 

nouiuied wall-like aspect, and, on the m'aresi socondarv snur running 

dovMi to the (henar trees, by its following above the pronounced 

saddle and slope. .At one iioint it breaks up into two crags, the 

upper one being ol secondary iiniiortancc. 

N<» fossils at. all w'cre, detected in this homogeneous band, in 

sfiite of two travers(‘s right across it up a rift and also round its 

southern end where it- disappears under the fan deposits bordering 

the Vihi plain. It is the band that Ilavden has referred to 

(Joe, nV., n. T) and p. 34) as possibly inuschclkalk, but from 

the fceauel it will be seen that this suggestion cannot be maintained, 

the more probable representatives of the Middle Trias being still 

higher up in the section (see ]>. 297). 
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Loticr Trias Fossil Horizons, (1)—(i) fi-8-08.—^Next follows 

a slope, partly lying obliquely across the uppermost of the last 

described beds, but including a minor little wave or undulation 

which imperfectly exposes some more thin limestone beds and shales 

containing cephalopoda. Tliey are best seen about midway be¬ 

tween the bottom of tlie hill (where the talus fans begin) and the 

first saddle on the sulisidiary spur. The exact spots arc indi¬ 

cated on the camera sketch and section. Each horizon is sepa¬ 

rated from the other by from 10 to 20 feet of improductivo 

shales so that the thickness of the whole scries is about 40 to 

50 feet. There is generally but little trace of any fossils on the 

surface of the limestones—though occasionally ono meets with 

weathered surfaces showing outlines of ammonoid forms. Here, as 

all through these exposures, it was only by breaking every foot 

of seen rock that the fossil zone was detected. The forms re¬ 

presented at horizon (1) 6-8-08 are Pseudonumotis sp. and numer¬ 

ous examples of rather small ammonites whose general shape and 

sutures mark most of them as beloiiging to the Meehoceraiidte. 

Among tlicm are Mcehoceras cf. Lilanqense, v. KrafEt, MeahoceruH 

sp., also Danxihites of the group Purusha, Dien., one small Nan- 

nites, and some fragments of large, smooth, sharp-keeled unde¬ 

terminable ammonites w'liich may however be Hedenstrwmia. T 

hoped to have got a better collection from them and tlje suc¬ 

ceeding beds, but the rock does not break easily and extraction 

of the fossils whole was very difticult. 

From the next horizon, (2) 6-8-08, a few forms of MeeJcoceralidoc 

witli auxiliary sutural elements, and agreeing with MeeJcocercs {Kon- 

inckdes) sp., Dam., also a few very small ammonites with very 

broad, flat ventral margins, and one Orihoceras wore found, in addi¬ 

tion to Pseudomonotis sp., Mcekoceras cf. Ldmujeme, Mexkoceras 

sp. and Danidnies as in (1) 6-8-08. Nothing noteworthy was 

obtained from the beds (3) and (4) 6-8-08. 

It seems probable that these bods represent the Meekoceras 

horizon of Spiti and the Kumaun and (Jarliwal Himalayas, and 

therefore that the two lowest Trias horizons, namely, those of 

Otoceras and Ophiceras are missing in the section or else have 

not been detected by me. A Lower Trias age at least seems 

certainly indicated. 
Next follows another steep, but smaller doubled crog of un¬ 

productive limestone, very similar to the last. Its dip-slopes 
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plunge down into the next little stream-bed cast of the Guryul 

ravine. Lower down the same beds cross the stream where it 

curves in a westerly direction and reappear on the east slopes of 

the next subsidiary spur. They are hard, dark and of a blue-grey 
colour, tliin-beddcd, and with j)artings of silicified shale which 

stand out in relief. The upper crag is ochre-coloured in places at the 
junction with the sandy shales next describtxl. Nothing was found 

in these beds but a jneco of fossil wood 2() 7-8-08, and some 

layers of compacted shells from which nothing was extracted. 

Sandy Shrdcs iviOi mbordinale Limestones {Mnschelkfdk ?).—Above 

the last-described and following on in the regular section come some 

sandy shales which, though only imperfectly exposed on the slopes 
in the higher ])arts of the stream-bed, become more prominent in a 

little straggling spur running out towards Khunrnu in a S-S.W. 
direction. This little sj)ur stretches out far in advance of its 

neighbours into the plain among the talus fans, and in the 
drawing is marked (B) 6-8-08. It is noticeably bare of vege¬ 
tation. 

From the similarity of the rock to the sandy shales (Permian) 
or the Guryul ravine, I was at first inclined to think that they 

might be a repetition of the latter by faulting, but subsequently 

1 found the same beds continuing up the stream and building the 

lower slopes of the next series of numerous and steep scarps; and, 
besides, their fossil eonients are dissimilar. 1 have therefore no 

doubt that tliey continue tlie whole way up to, aud cause, the 

great saddle on the main ridge, shown in the camera sketch as 
lying directly above aiid in a line with tlie cast branch of the 

Guryul ravine, and in a direction due north of tlie western Khunrnu 
and therefore that they enter the section definitely superposed on 
the Lower Trias. 

The rock is a dark sandy micaceous shale, calcareous in bands 

which arc more scarce in the lower parts, and more numerous 

in the higher beds where this stage merges into the great lime¬ 
stone crags which follow. Altogether it is about 200 feet thick 
although in its lower extremity the spur only shows some 60 to 

100 feet of the lower beds (see lower part of section). The dip 
varies from £.N.E. 30° in the higher parts to E.S.E. 30° at the 

lower end of the subsidiary spur. This change of strike, especially 
rapid in the lowest part, seems to be a hint that all the 

Similar spurs west of this do the same just about where they 
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disappear under the talus slopes bordering the Vihi plain. This 

bending and splaying out of the bands towards the plain explains 

the fact that the Risin and other spurs to the west catch 
fragments of the Permo-Carboniferous, and the fact that further 
south near Weean much, higher beds of the great limestone come 
in. In the camera sketch this tendency to bend and spread out 
can bo detected. 

Fio. 1.—Muschelkalk spur N.N.E. ofKhunmu. 

A marked feature in these sandy shales with subordinate lime¬ 

stones is that a rude cleavage makes its appearance with a N.E. 
by E.—S.W. by W. strike and nearly vertical. The beds are 

so feebly compacted and the rock so comparatively soft that this 
attempt at cleavage is extremely rugged, the planes being vacillat¬ 

ing or undulating and not finely approximating as in ordinary slaty 
cleavage (fig. 1). At first sight it almost resembles vertical bed¬ 
ding (see Verchcre, loc. cit,, page 161, where he apparently refers 

to this spur). 
The calcareous horizons are fossiliferous, the zones (6) 11-8-08 

and (7) 11-8-08, which come about the middle of the series, being 
eflp(!cially so. Both the latter catch ffortions of the surface slopes 
at the lower end of the spur. Fossils are, however, not numerous, 

and owing to the cleavage have been very generally distorted. 
From (6) 11-8-08 I obtained a number of small brachiopods in a 

layer of about 1 foot thick. Among them were a large number 
of Rhynchonella cf. irinodosi, Bittn., and cf. mutahilisy StoL, together 
with a few SpinjerincB cf. Stracheyi, S It, From (7) 11-8-08 

I obtained some lamellibranchs and one aj^mmonite in aiUi^ whilst 
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[ ))icked up from the weathcred-out talus close by Ceratites cf. Thuih 

licri^ Oppel, Pinacoveras, Nautilufi and Orthoceras. 

From liigluir up the spur at the locality marked ‘‘near (7) 

11-8-08’' I obtained many more lamellibranchs, LimOy Posidonomya, 

Myophnria G-) and otliors; also (?) Patella. Here also gradually 

come in Iiiglier bed.., limestones jn’cdominating of L 2 and 3 feet 
thickness until they finally merffo into the main mass of the next 

great liuK^stono series. 

Thick Liwcsfoncs [Lydekker's Supra-Kidiyuj),—Beyond the last 
spur the ascondiag series of massive limestones stretcliing away 

to tlie cast were onlv cursorily examined for a mile or two along 

tlie edge of the ))lain. No good fossil zones were found. On 

the ridge sj)ur next beyond tlial referred to as (B) 6-8-08 there is 

a pale crinoid and coral limestone, the remains being compacted 

together into an Jiilistinguishable mass (I) 8-8-08. The locality 
is N.N.E. (a trifle E.) of Khinimn. Between the two ridges 

there is nothing recognisable, though beds'with compacted shelly 

contents occur. (2) 8-8-08 a rock similar to (1)—is from the 
stream-bed beyond the last ridge near another group of Chonar 
trees (see extreme right of the camera sketch). (3) 8-8-08, I 

mile further on contains a (?) Rhfpiclumella. (4) 8-8-08 from the 

ridge N.E. hy N. of Kliunmii contains Spirijerina sp. and(?) Diel- 

asma^ Beyond this, enormous thicknesses of similar rock continue, 

but complicated by repetitions and flexures in a way tliat would 
reqiiire much time and large-scale maps to elucidate. No further 

work was continued in this direction. 

4.- General Remarks on the Section in the Guryul 
Ravine and E. of it. 

The seclioji just described, like that in the Golabgarli Pass 

shows no sign of unconformity, no discordance of dip and no rapid 

petrological cliangcs. It suggests one uniformly accumulated set 
of deposits that liave arisen •without anv marked time-breaks. 

Nevertheless the very thin development of the Glangamoptcris 

beds, as compared with ihose at Bisin, Zewan and the Golabgarh 

Pass, is suggeativo at least of some overlap, a suggestion heightened 

by the fact that in the Guryul ravine some to I mile above, 

the point described by Hayden I found the Protorctepora bed directly 
superposed on a cliff of Panjal volcanics, or with a mere trace 

of novaculite between. The spot is just where the cattle path 
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crosses the east branch stream on the way up to the high pastures. 
The siliceous shales and lower massive limestones, seen at the 

lower part of the ravine, seem to have been overlaj^ped. From 
the clear, way the one rock follows above the other, dip2)ing at the 
moderate angle of 30^^ only, 1 do not think that faulting has come 

into play here -and more especially as other sections south of the 

Villi plain show a cfunplctc absence of Gangamoptcris-containing 
and similar beds, whilst nowhere in the area is there anything ap¬ 

proaching the large thickness of 800 feet of such rocks as found 
in the Golubgarh Pass. 

As regartls the stratigrapliical horizons identified in tlie preced¬ 

ing paragraplis, Up])er (Carboniferous and Permian seem amply cer¬ 

tified to. The Lower Trias (first recognised fragmentally by 

Hayd(Mi) is equally demonstrated to occur, though with few charac¬ 
teristic fossil zones and with many omissions. The large and un¬ 

usual thickness, however, of the beds which seem to be included 
within this vstage insjiirc one to hope that furtlier researches in 

the neighbouring ravines and scarps might bring to light a fuller 

zonal sequence. At all event tlie long-supposed absence of' Lower 
Trias in Kashmir^ has now been definitely found to be a miscon- 

cc})tum, as was to be exjjecjted following on tlie successive identifi¬ 

cation of Lower Trias in tlie Oarljwal and Spiti areas.^ 

The evidence for tlie existence of Middle Trias (Musclielkalk) 

is less good though strong. 
As regards still higher Trias liorizons, it is to be feared tliat 

ihc beautiful faiuia characteristic of other Himalayan areas is not 

to be found in this section. Put in view of what has recently 

been accomplished in unjiromising-lookiug strata for iJic lower 
divisions of the 'I'rias, one need not yet utterly despair of suc¬ 

cess so long as great thicknesses of un.soar(;hed Jiiuestonos still 

remain. 
It will be noticed that, contrary to what Vcretien? found in this 

section, I discovered no serious irregularities (refolding or faulting) 
until Avell bevond the beds regarded as Muschclkalk- It needs 

but a glance at the camera sketch to convince those used to 

mountain profiles that at least nothing of the sort occurs up to 

the stream-bed lietween the Lower 'Trias and Muschelkalk, whilst 

T Soo Lydekker, /or. cif., p. 125. 
2 Griesbach, OeoL Jnd.. Vol. XXIII, p. 70, niid Hayden, Man. Gcol. 

^urv.lvd., Vol XXXVl, p. (il. 
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the question as to whether a fault should be located there has 

already been disposed of in the negative. 

5.—Weean Spur. 

This spur descends in a south-westerly direction from the higher 

ridges and ends near the middle of the Vilii plain at the place mark¬ 

ed Moonapoor on the Atlas sheet, Moonapoor however being a 

comparatively small town near the two larger ones named Weean. 

At first, judging by the general strike of the Zewan and lower 
horizons in the Trias at the Guryul ravine, one might expect to 

find them reappearing about this place were it not for the wrench¬ 

ing of the strike already indicated by the ridge (B) 0-8-08 and by 

the remnants of the Oangamopteria and Zewan beds at Risin and 

Zewan before they disappear under the fans and alluvium of the 

Vihi plain. That being understood, the limestones of the Weean 

spur, locally showing a N.N.E.—S.S.W. strike, clearly belong to 
the higher beds of the Supra-Kuling series of Lydekker as found 

much to the east of Khunmu in the section already described. 
I only spent an hour or two at this locality on my way to Man- 
dakpal. 

One poorly fossiliferous horizon (1) 14-8-08 was found in a 

slender band of limestone weathering a bright yellow colour. It 

contained Spiriferina cf. Stracheyi^ and some other small brachio- 
pods Alhyris or Dielattmn (?). It lies in a little ravine running 

S.S.W. to Weean and Moonapoor. East of this near Krew the 

same beds continue with a rolling dip, and oast of Krew again 

the same in very well-bedded, bare masses, but not examined by 

me. 
As originally described by Verchere {Journ. As. Soc., Bengal, 

Vo). XXXV, pt. 2, p. KiS)), the Weean beds yielded a large and 
varied assortment of forms (see list given by Diener, Pal. Ini., Ser. 

XV, Vol. 1, pt. 2, p. 7); although it is tme Diener discounten¬ 

anced the most of these determinations, which were founded on 
very poor, broken material. 

Nevertheless, it seems likely that somewhere in the neighbour¬ 

hood of Weean exposures do occur yielding a large number of fos¬ 

sil forms. My own notes above made en route add nothing to our 

knowledge of the fauna, rather the reverse, but they are repro¬ 

duced because of the structural evidence therein contained that 
these rocks really are of somewhat higher horizon than those in 
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the Guryixl ravine. Their future thorough examination together 
with that^ of all the higher great limestones of Lydekker’s Supra- 
Kuling series is a desideratum. 

6.—Mandakpal Section. 

Mandakpal consists of two small hamlets south of the large 
town of Shar. One of these is about the place of the village so 
marked on the Atlas of India sheet, the other a little way up the 
ravine above the former and distinguished by a group of poplar 
and other trees. Though camping room is scarce, the upper village 
is conveniently situated for examining the sections. 

Oldham and Hayden in their papers both refer briefly to Man¬ 
dakpal, the latter identifying there Spirifer Rajah, Salt., and Mar- 

ijinifera Ilimalayensis, Dien., and generally stating that the section 
from the base of the Zewan stage is similar to the Guryul ravine 
section. He also found traces of Trias cephalopods.^ Verchcre 
in describing the section as being the only one where Weean beds 
rest immediately on volcanic rocks made a serious mistake (Jowrn. 
As, Soc., Bengal, XXXV, pt. 2, p. 172). 

In many respects this southern side of the Vihi plain bears 
a strong physical' resemblance to tlic northern or Khunmu side. 
The Carbon-Trias rocks lie above the Panjal volcanics and form side- 
spurs from the main ridge which runa N. by E. from Wastarwan 
peak. Although poorly exposed on the main ridge and higher side 
spurs where there is much forest, they are well seen on the spur 
above upper Mandakpal, from which, at or near, the level of the 
Vihi plain, their strike bends round rapidly towards the west, 
south-west and south so as to catch the lower ends of the Loodoo 
and Barns (Barsu) spurs where they descend to that plain (see 
PI. 31), a position very similar to that on tlie north or Khunmu 
side where they catch the lower ends of the Risin and Zewan spurs. 
The camera sketch and section (PI. 32) will indicate the general 
series and the fossiliferous horizons there exposed up to the Lower 
Trias near the top of the spur. 

As in the Guryul ravine, the lowest beds immediately overlying 
the trap are not visible at the mouth of this ravine, but only 

1 Rrobably Godwin-Austen’s section marked as near Loodoo i.s a combination 
of this section with that of the next spur {Qnaa. J'^urn* Gco^~ Vol. XXII, 
p» 36). 
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appear muoli higher up its bed above the Jittle tree- and crop- 

covered alluvial hat which forms the upper hamlet ; the first beds 

identifiable on th(^ way to this hamlet from lower Mandakpal being 

as high ill the series as the Spirifer Rajah zone (2) 14-8-08. I 

shall therefore begin the description of the section of this spur at 

a })oint in the bed of the ravine 1 mile, above the upper hamlet 

carrying it as far as the Spirifer Rajah bed, after which the section 

will be continued as exposid up tin* slopes immediately N.K. of 

the hamlet. 

Superficially the section along this spur diffiTs from that in 

the (buyul ravine by the profile not being s])lit up by promi¬ 

nent crags: nevertheless rudimentary tra-ecs of such can be de¬ 

tected along (tertain portions of the slope. 

Novaculite.—The novaculitc bed is about (> feet thick lying 
directly on soft volcanic asliy beds, very splintery. There are no 

tra(!es of any siliceous shales or carbonaceous shales with Gan- 

(jamopteris as at Risin and as partly seen in the Ouryul ravine. 

Massive, clear yrcff Limestone.- This follows directly on the 

novaculite, is about (iO feet thick and contains crinoid stems in 

places, 

Protoretepora beds and (1) (2) lf)-8-08.—TJie Protorelepora zone 

follows immediately, consisting of 20 to 30 feet of dark shale and 

interfjcdded thin limestones crowded with Protoretepora ampla and 

a few crinoids- 

Just at the top of these beds coincs a 2 feet thick layer ul 

flaggy limestone iindcrlain by a thin band of shale. The former 

weathers (mt into an inclined floor or shelf and affords the natural 

pathway along and up the slojie. Both are fossiliferous (1) 10-8-08 

in the limestone being the riclier. From (2) 10-8-08 in the shales 

were obtained a few examples of Productns semireticulatns, lying 

alone in one thin }jed. From (1) 10-8-08 were obtained a large 

number of Prodadus cf. Ganyeficus or cf. Purdoni, P. cf. eancrini, 

and Productas sp., also large numbers of Marginifera, distinct from 
the s])eeics referred to as cf. TImalayensis and perhaps nearer to 

typica, Waag., together with a few^ nielasrfia cf. acutangulnm, 
Waag. 

Dark sandy Shales and (2) 14-8-08.—As in the Guryul ravine 

section there now follows a good thickness of dark sandy micaceous 
shales, setting in at first by gradual interbedding with calcareous 
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After 140 feet of these we reach along this line of section a 

thin bed 1 to 2 feet thick rich in rather well-preserved specimens 
of Spirifer Rajah, but apparently containing nothing else. On 

the slopes just above- the upper hamlet, however, several other 

brachiopods are associated in what appears to be tlic same bod; 

whilst in the interval between the two exposures but at a point 

rather lower than one would expect, the same bed by faulting, 

or a slightly lower one elsewhere not found, becomes much thicker 

and very rich in fossils. Owing to covered ground intervening 
it was impossible to connect the three ex])osures by a continuous 

outcrop. The middle one just referred to is situated just beyond 

where the upper end of the fields on the alluvial flat come to an 

end and where the last of the pojdars is seen. It is about 

4 feet thick and yielded most of the forms enumerated below 
which combine the collection from all three exposures i—^Spm/cr 

Rajah, very numerous, some well-preserved specimens showing 
both valves, Spirife't cf. jasciger {musakhelensis), rare, only a few 

specimens found; Maiginijm himalayensis also very numerous, 

and generally just below the Rajah layer ; Produdus bora, 
d’Orb., also numerous and well-preserved; P. of. Abirhi, several; 

Camarophoria cf. Purdoni, 2 specimens only; Diclasma LaTouchei, 

Dien., 2 specimens; Derbyia sp.: Aciculopecten cf. hiemalis] 

Lyttonia, and Amplexas sj). (?). 

Above this bed in the general section tlie sandy shales continue 

for 360 feet more up the slope, but with a few thin limestone 

beds appearing, which near the top becojne more numerous until 

they pass up into tlie lirneslones with shaley ])artings (Lower 

Trias). 
Lomr Trias, Fossil lloriums (3) and (4) 14-8-08.—As was found 

to be the case east of tlie Gruryul ravine, the limestone beds 

identified with the Lower Trias, are not marked by any lithological 

change. They are simply horizons in a series gradually becoming 

more purely calcareous, and distinguished by. coritaiiiiiig fossils. 
The fauna resembles that of (1)—(4) 6-8-08 in the section east of 

the Guryul ravine, but the specimens are more fragmentary. 

Among the forms present the genera Pseudomonotis, Mcckoceras 

and Danuhites were rather doubtfully recognised. The association 
of forms and the general position of the bed beijig so similar to 
that of the Meekoceras horizon of the Lower Trias east of the 

Guryul ravine, I have no hesitation in classing it with the Lower 
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Trias. These are doubtless the ccphalopods referred to as Gonia- 

tites by both Godwin-Austen and Verchere (loc. cit,, ante). 

The bands can be traced for a short distance E.S.E. running 

somewhat diagonally towards the crest of 'the ridge, after which 

their continuation was not traceable owing to the complication of 

dip-slopes and stream beds with soil and jungle. In tlie other 
direction towards Shar the continuation of the same was doubtfully 

recognised as it descends and becomes hidden by the deposits of 

the plains. 
Above these two fossil horizons the higher part of the spur 

exhibits about another hundred feet of similar but unproductive 

limestones, rather thin-bedded and with a 20 to 30 feet bed of 

sandy shale not far below the culminating crags. 
Above Lower Tm.*?.—No higher horizons were found on this spur, 

as at this ])osition it presents a dij)-slopc down to the surface de¬ 

posits of a side valley running W.N.W.--E.S.E. Higher beds do, 
however, occur on tlie main ridge from Wastarwan peak which runs 
in a N. by E. direction, but these were only briefly examined along 

the bridle track crossing a little pass in the ridge along the route 
from Shar to the Patarkool valley. An occasional fossil band was 
found, the equivalents of those in the thick limestones coming above 

the Muschclkalk E. of Guryul ravine. A good deal of these massive 
limestone beds, which are of a clear blue-grey colour with orange 
or chrome tinted blotches, exactly reju’oduce the appearance of 
the Hazara Trias. 

Although there are no good sections on the pass and ridges near, 

the slopes being toy much soil, and forest covered, it is possible that 
the chief Carbon-Trias horizons could be tracked out. That they 

also pass down across the pass to the J^atarkool valley, along the 
boundary as marked by Lydekkcr seems certain. Near Gadpura, 

as seen from a distance, the somewhat bare slopes in the continua¬ 

tion of these rocks make it probable also that sections worth 

searching for fossils would there be found, as also higher up the 
Patarko valley in the direction of Prongam, whence came many of 
the type specimens desciibed by Diener. I regret that I was 

unable to include this valley in my field programme. 

7.—Spur S.W, of Lower Mandakpal. 

This spur runs N.W.—S.E. from the main ridge north of Was- 

tarwan, and the extreme N.W. end of it between Lower Mandakpal 
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and Loodoo (but nearer the former) has intercepted the louver 

Z6wan beds owing to the wrenching of the strike towards the 

west. 

The beds comprise the grey limestone lying immediately above 
the Panjal volcanics and the Protorctepora shales. No novaculite 
nor Gondwanas were found beneath, and nothing higher than the 

Protoretepora shales, which compose an undulating dip-slope for 

the extreme end of the spur as it dips under the valley deposits. 

With reference to the bending of the strike towards the west 

here indicated, it does not do so in a uniform curve but by gentle 
foldings—a sort of secondary plication (possibly combined with 

slight faulting) following the axis of the ridge. Thus viewing 

it from the west on the pathway to Loodoo it appears as in the 

sketch (fig. 2). 

8.—Ludu Spur. 

The next spur in this direction, which also intercepts part of the 

Zewan series descends to the plains at Ludu (Loodoo) village (not 

marked on the Atlas of India sheet, but situated about 1 mile S.E. 

from Goondlat). Here also tho Protoretepora beds arc first seen 

covering the slope of the spur towards the village, ?.e., dipping 30° 
N. As this exposure is about due west of the last spur described 

it does not require any change of strike, or very little, across the 

intervening space. 
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On the west side of this spur, however, a few hundred yards 

away, the strike curves round again once more and the beds dip 

N.W. by W. 
Between the Loodoo spur and the next one running out to the 

isolated hill in the plain (shown in the Atlas sheet) there is a great 

shallow bay, and the Protoretepora beds and the limestone below 

in a confused way sheet the slopes for some way. Gradually the 
novaculite below shows up in blocks and then in masses as we get 

further into the bay and is followed by the Panjal volcanics. But 

there is no good section here, and the rugged slopes have probably 
portions of one or other or all of these beds adhering to the sur¬ 

face in places. 

9.—Spur 2 miles N. of Barus. 

The next spur runs west from the Wastarwan mass of volcanics, 

and as it dies away into the plain it is followed by the isolated 
hill referred to in the last paragraph. This spur shows a more 
complete section, and, together with the isolated hill, carries one 

presumably well up into the higher Trias limestones. No cephalo- 
pod horizons in the Trias were found, however, probably owing to 

their being hidden by covered ground near the foot of the spur 
(see PL 33, fig. 1). 

Neither Oldham nor Hayden redescribed either this spur or the 
one at Barus itself, so that previous references are confined to the 

original workers in this area, Godwin-Austen and Verchere. The 

former gives a section of this spur in considerable detail (loc. cit., 

p. 31) although he obtahied no fossils above the Spirifer Rajah zone. 
The isolated hill is referred to by Verchere (loc.ciL, p. 172) as the 

"Pampur knoll,’’ but his description of the section is far less ac¬ 

curate than that of Godwin-Austen. 

Novaculite (traces), Black Shales ft.), and Grey Limestone (60 ft.). 

—These three beds appear above the volcanics sheeting the lower 

end of the spur, the grey limestone being obviously the same as 

that with crinoids seen in the sections just described as far as 
Mandakpal. 

Protoretepora Shales and interbedded Limestone (20—30 ft.).—The 

Grey Limestone passes up into the Protoretepora shales and thin- 

bedded limestones (1) 27-8-08, there being more limestones than 
shales at this point. LyUonia was found in them. 
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Dmh samdyy micaceous Shales (100 ft).—The usual dark sandy 
micaceous shales follow here for about 100 feet. 

Spirifer Rajah and Marginifera bed^ (6) 26-8-08.—This fossil hori¬ 
zon is obviously identical with the horizon at Mandakpal containing 
the same species. Though equally rich in the two leading forms, 
which yield a bed 4 to 5 ft. thick, the only other species obtained 
were as isolated or very rare specimens of Lyttonia, Productus of. 
Abichiy Spirifer cf. fasciger and Amplexus, The exact locality is just 
to the east, or mountain side, of the most marked gap in the spur. 

Dark sandy micaceous Shales with a few Limestones (140 ft).— 
These follow, the limestones very gradually increasing in strength. 
A small fault may interrupt the section near the gap. 

Spirifer Rajah (alone) zone,—This is found a little below the 
crest of the next and most prominent point of the sppr. I was at 
first disposed to regard this as a faulted representative of the pre¬ 

vious zone, just as at Mandakpal I assumed the occurrence of (2) 
14-8-08 as represented in the camera sketch on the sky line of the 
spur to be the same as the nearer exposure just beyond the fields 
of upper Mandakpal, the latter having been displaced downwards by 
a small fault. But it is quite possible that there are two separate 
beds in both places, the upper one being characterised by containing 

Spirifer Rajah alone. 
Sandy Shales as before with 'tnore numerous Limestones (160 ft.).— 

These form the prominent point of the ridge and extend some way 
down the west slope, showing a gradual incoming in more strength 
of the calcareous element. 

Brachiopod and Lamellibraneh beds, (4), (3J) and (3) 26-8-08.— 
These appear unostentatiously in the section and form no feature at 
the surface. The productive layers are therefore difficult to detect, 
but they contain a rich and interesting little fauna. Horizon (4) 
contains Pseudomonotis and Productus semireticulalus; horizon (3^) 
is about 5 ft. above (4) and is characterised by pockets of matted- 
together, tiny lamellibranchs, e.g.y Aviculopecten^ Cardinia and Schizo- 

dus, numerous small species of Chonelcs and a few scattered examples 
of larger forms, e.g., Productus semirdiculatus, P. of. Gangeticus, P. 

Cora^ and one or two of Xenaspis carbonaria Waag (?). Horizon 
(3) is 20 ft. above the last and contains matted-together lamelli¬ 

branchs similar to the last but not so well preserved. 

Shales and irderbedded Limestones and dark Shale band (100 ft).— 
These resemble what have gone before, but the dark shale band in 

D 2 
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the next saddle may well represent (2) 9-8-08 in the Guryul ravine 

section. 
Thin-bedded dark qrey and yellowish mottled and handed Lime¬ 

stones (350 jt, and over),—The abovenamed continue down the slope 
to the west and become lost under the alluvium, to reappear again 

some distance away in a small exposure among the alluvium. No 

fossils. I correlate these with the crags foiming the higher part 

of the Mandakpal section and those of the Guryul ravine section 

which comprise wnthin them the Lower and possibly Middle 

Trias. 
All the beds in the above section dip at angles increasing from 

30°, near the Panjal voicanics, up to 50°, which is the normal 

dip. 
Limestones, etc,^ of the Isolated //iZi (1,000 ft. about),—What appears 

to be a normal continuation of the same section just described is 

provided by the isolated hill already alluded to. At its eastern 

foot there are some few sand}'^ shales badly exposed, followed by a 
continuous section through the hill of rather clear, blue-grey lime¬ 

stone, often mottled or blotched with chrome-coloured patches or 
splashes (2) 27-8-08. These may represent any of the beds which 

succeed in ascending order above the Middle Trias of the Guryul 

ravine, and which are also found in the pass east of Mandakpal. 

Their resemblance to the Triassic limestone of Hazara is very 

complete. 
They keep about the same dip and vanish under the wide plain 

to the west. Godwin-Austen has introduced in his section of this 

hill a fold which I did not observe. 

10.~Barus Section. 

The village of Barus is not marked on the Atlas of India sheet, 

but it lies in a little stream-bed surrounded by banks of alluvium 
at a point E. or E. by N. of Goorpoor on the Jheliim. There are 

no exposures actually at the village, but rock occurs a few hundred 
yards to the south of it in the spurs descending irregularly west 

from Wastarwan and which are partially buried in alluvium. Both 
Godwin-Austen and Verchere included this spur in their accounts, 
and from it came many of the fossils described by Diener. The 

section on this spur (PI. 33, fig. 2) is remarkable for showing a lime¬ 

stone band, (1) 25-8-08, with obscure traces of fossils interbedded 
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with the Panjal volcanics at a horizon 100 to 200 ft. below the 
uppermost trap beds. It is from 10 to 20 ft. thick, of a dark col¬ 

our and associated with some quartzitic and shaley material. It 
conforms in dip to the rest of the section, namely, 40° W. by S. 

Above the trap the lower beds of the Zewan stage are developed 

rather more strongly than in the last described sections on this side 
of the Vihi plain. The limestone and novaculite layers at the bot¬ 

tom arc much mixed. They are followed by 28 ft. of cherty 

shales. Fossil horizon (1) 24-8-08 in grey limestone is full of ex¬ 
amples of a Productus of the lineati group, which are mostly com¬ 

pacted into the rock and cannot be extracted, whilst many are 
spoilt by calcite veins. Both it and the next fossil bed must be 

lower than anything in the Mandakpal section. 

The flaggy limestone (2) 24-8-08 which overlooks a small quarry 

shows a face of rock covered with a small Productus of (?) nov. 

sp. Bed (3) 24-8-08 contains crinoid stems. 
The Protoretefora bed though ratlier poorly exposed is identified 

with ease, and so is the Spirifer Rajah bed, (1) 23-8-08, which 

can be traced for a long distance up the hill side by its very 

characteristic large shells. The dark sandy and micaceous shales 

also contain imperfectly preserved fossils here and there through 

their thickness. 

11.—Previous Horizons compared and chronologically 
arranged. 

In order to get a comparative view of the sections so far de¬ 

scribed, namely, those of the Golabgarh Pass and Vihi district, I 

have drawn a few parallel vertical representations of them, one for 

each of the five main localities (PI. 34). In these are exhibited the 
rock and fossil succession upwards and downwards from the Pro- 

toretepora a7npla zone, which is taken as a datum line to reckon 
from because, being common to all the localities, it is probable that 

it was contemporaneous in them all. 
The three sections on the right are sufficiently self-explanatory, 

but the Barus section and that of the Golabgarh Pass present some 
peculiarities. In the former there seems to be no doubt that the 

two fossil horizons, (1) and (2) 24-8-08, are older than anything 

appearing in the sections to the right. In the Golabgarh section 
the difficulty is to know at what point to introduce the grey lime¬ 

stone equivalent. Assuming that, in the Barus section, the cherty 
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shales coming above the novaculite, etc. (which in the Z6wan section 
have yielded Gangamofteris) are the equivalents of V and W.-l 

horizons of the Golabgarh Pass, we. are still left in doubt as to 
whether the grey limestone should range above or below the bed 
with Ghssofteris. On the whole it seems more probable that its 
horizon approaches that of Z.-l and so ranges above that upper 

plant bed of the Golabgarh Pass section. 
In the following list I have grouped in descending order all the 

fossil horizons extracted fiom the several vertical sections, arranging 
them in their absolute order of succession as indicated by those 

sections. Where two or more appear in one line they are supposed 
to be of identicpl age so far as determinable :— 

Fossil Horizons of Golabgarh Pass and Vihi Sections. 5(4) 8-8-08 ^ 

(2) 8-8-08 [ Probably Upper Trias. 

(1) 8-8-08 ) 

near (7) 11-8-08 ') 
(7)11-8-08 [ ]VIuschclkalk(?\ 
(6) 11-8-08 J 

(3) (4) 14-8-08, (1) (2) (3) (4) 6-8-08 Meekoceraa bods. 

(3) 26-8-08 
m) 26-8-08 

(4) 20-8-08 

C, (1) 23-8-08, (2) 14-8-08 in part ) iSpirifer Rajah and 
B, (5) 26-8-08, (2) 14-8-08 j Marginifera beds. 

(1)9-8-08, (1) 7-8-08 
(1) (2) 16-8.08, (1) 2-8-08 

Protoretepora beds throughout. 

Z-l, (1) 4-8-08 

(3) 24-8-08 
(2) 24-8-08 
(n 24-8-08 

X Olo88opteris bed. 

W-1 Oangamopteri8 bod. 
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V.-LIDAR VALLEY SECTIONS. 

1.—Eishmakam. 

In the Lidar valley, one inarch above Islamabad, lies the little 

town and monastery of Ei8hmak^im, perched on the lower slopes of 

one of the secondary hill-spurs which splay ctffi westwards from the 
S.W. spur of Lewapatoor Station (13,012 ft.) and cause a partial 

contraction of the Lidar valley at this point, 

This is the first of several localities up this valley where rocks 

cf Lydekker’s Ruling series have been described by that author 

as lying in a series of tightly packed isoclines among the Panjal 

series with reversed dips to the N.N.E. in the direction of Pailgam.^ 

The locality is also one from near which several species of brachio- 

pods and other fossils collected by Lydekker have been described 

in Diener’s memoir {PaL Ind- Him. Fossils, Ser. XV- Yol I, 
pt, 2). 

For these reasons I proceeded there to make a further collec¬ 

tion of specimens from them, and to study their relations to the 

apparently underlying and overlying Panjal series, which, according 

to Lydekker, has enfolded them in this isoclinal way. 

On the up-journey to this place and Pailgam my explorations 

were much interfered with by rain, but on the return trip I was 

able to visit them again. Owing, however, to the exigencies of the 

routes up and down this valley, and to the way the continuous se¬ 

quence of beds is interfered with by alluvium and by the alternate 
approach and recession of the side-spurs to and from the line of 

march, it was impossible, without stopping on the way, to per¬ 

fectly co-ordinate the observations at one place with those at 

another. The poorness of the topography of the old ^-inch map was 
also a great handicap in such work. The following notes give a 

sketch of results attained by me in this neighbourhood. 

The general run of the lowermost subsidiary spurs immediately 

behind and north of Eishmakfim, together with the lie of the rocks 

and the position of certain fossil horizons will be apparent from the 

^ Mem. Oeol, 8urv. Ind.^ Vol. XXII, pp. 136-138. 
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sketch plan and view (figs. 3 and 4), and further details will be 

found in the section (PI. 33, fig. 3). The main bridle-road up the 
valley to Pailgam skirts the biise of the spurs to the left of the 

view and does not expose a very continuous section, owing to 

alluvium intervening. 

Vif,. 3.—Plan of Eishmakam Hill. 

VuK 4.—Profile view of Eishmakam Hill 

Higher up the slopes, however, another foot-track (shown in the 

sketch) exposes a fuller series, whilst still more perfect sections are 
disclosed on the rather steep slopes and the side spurs overlooking 

the town and extending beyond it to the east and north. 
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Almost a first acquaintance with these sections makes apparent 

a peculiarity of some importance in relation to the supposed parallel 
sections from the Vihi district, Gulabgarh Pass, Barus, etc., and those 

presently to be described near Pailgam—namely, that there are here 
at Eishmakam no Pfotoretepora beds, no Spirifer Rajah and Mar- 

ginifera himalaymsis zone, and no evidence of massive traps im¬ 

mediately below. There is also no novaculite and no dark sandy, 

micaceous shales. In fact, as already indicated in Prof. Diener's 

description of the fossils from near Eishmakfim gathered by Lydek- 
ker, the facies of the fauna here is an entirely different one.^ 
The rock facies also is dissimilar, for not only do the series of lime¬ 

stones begin by being superposed on a set of quartzites and schists, 

of white and pink colour, but other quartzites and sehistose slates 

appear at higher horizons among the limestones whilst at least two 
bands of trap likewise appear in the section between the base and 

crest of the ridge, and lying above the main fossiliferous horizons 

from which collections were made by me. 

It may further be remarked that as we follow the outerbps of 

these fossiliferous beds away from Eishmakam round the convex 
curve of the spur up the valley towards the north-east, they take 

a course of outcrop also convex towards the south-east, as if nor¬ 

mally bedded below the trap and slates which appear to follow 

above them and proceed to form the mass of the higher peaks 
to the N. Also the outcrops do not show any sign of weaken¬ 

ing or diminishing in thickness in this direction (as one might 

expect if they were involved in an isocline, as advocated by 

Lydekker). 
The fossils themselves are not very well-preserved as a rule, 

nor easy of extraction, but from beds (0), (2) and (3) of 3-9-08 

(fig. 4) and (3) and (4) of 5-9-08 (PI. 33, fig. 3) I was fortunate 
enough to obtain a number of large brachiopods. which when brought 

to Calcutta were at once, recognised by Mr. Hayden as Syringo- 

thyris empidata, Mart. Some of the specimens were even broken 

5 It scorns more than doubtful, however, whetluT any of Lydekker'a specimens 
came actually from this spot, though marked as near or north of Kishmak^m. 
The rock with Spirifer Lydekkvri^ Phillipain and Fene'ytdlae^ as shown by Lydek- 
ker's specimen^, is almost certain to have come from a place some few miles 
further north and lying about S.S.K. of Duwhat and Loor (see on p. 323). Lydekker's 
description of the locality for PhillipHio as S miles from Pailgam down the valley 
makes this clear, though his reference in a foot-note to Bhatkot as being near 
Kostu is unhappy, since the former is 7 miles N.N.E. of the latter. 
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across fortuitously so as to show perfectly the dental and transverse 

plates and the tubular process of that species, exactly as described 

with figures by Mr. Hayden in the Appendix to Prof. Diener’s 

memoir (Permicn Fossils of the Central Himalaya, Pal, /«d., Series 

XV, VoL I, pt. 5). Other fossils obtained from these beds are— 

from (0) 3-9-08 many Productus lineatus, Waag., a large type very 

like thosp from Spiti, an imperfect specimen of P. cf. scahriculusy 

Mart., a large Chonetes and several specimens of Athyris sp., and 

from (2) 3-9-08 a few of Productm UneatMs and Athyris (?) subtilita, 

Hall, together with rock lumps full of well-preserved specimens of 

Chonetes {1) hardrensis var. tibetensis Salt. 

As Syringothyris cmpidataj Mart., a typical Lower Carboniferous 

form from the Mountain Limestone, has also been found in the 

Spiti (Kanawar) sections of the Lipak K and elsewhere by Hayden 

at a horizon well below the Permian and Fenestella shales, and as 
the rest of tlie fauna is unlike the Zewan fauna, it is scarcely pos¬ 

sible to resist the conviction that we have here at EishmakSm some¬ 

thing quite different from the Vihi, Gulabgarh Pass and oth3r sec¬ 
tions, and that Lower Carboniferous strata are really represented. 

It also seems to follow of necessity that we must revise our con- 

ception of these outcrops as being isoclines of younger rocks en¬ 

folded among the older Panjal slates and traj), and be prepared to 

recognise the whole section from here to Pailgam as possibly being 

a normal ascending one—a recognition which would of course assign 

to the so-called Panjal traps (which follow above and occupy the 

higher parts of the valley south of Pailgam and the summits of 

Lewapatoor Station) an age between Lower Carboniferous and 

Permian. 

It should be mentioned here, however, that it is not quite cer¬ 

tain that some of the trap beds are not intruded along the bedding, 

as there sometimes appears to be evidence for slight transgression 

across the edges of the associated limestones, etc., whilst one de¬ 

finite dyke, at least, is seen I mile N. of Eishmakdm cutting verti¬ 
cally through the canal bank and bridle-road above. But, whether 

some of these bedlike masses are intrusive or not, the point is 
clear that, assuming the section a iiormaL one, none of them can 

be older than Carboniferous, and there is abundant general evidence 

elsewhere that none can be younger than the Protoretepora shales 

and beds with Marginifera himalayensis and Spirifer Rajah, i.c., 

about Permian. 
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2.—Kollur, Dowhat and Lur. 
t 

The sections and outcrops at the above places lie on the other 

side of the river and a little N.N.E. of the strike of the Eishmakam 
beds if continued diagonally across the valley. They were only 

examined cursorily during a day’s march, ard must correspond to 

beds which should appear about E.S.E. of Srelgam crossing the S.W. 

spur from Lewatappor Station at a point about 4 miles N.E. of 

Eishmakdm. 

Beginning i mile N.E, of Wallarhama, the spur between that 

place and Kollur shows first quartzites and some dark shales and 

limestones, the shales (1) 13-9-08 having obscure plant impressions. 

The general dip is 20^— 30° N.E. by N. Between Wallarhama and 

Kollur the series continues to be exposed in a set of low spurs 

jutting out into the plain, the quartzites becoming more prominent 
and interbanded with black, carbonaceous and sometimes sandv 

shales. Limestones do not continue and there are no fossils except 

the obscure plant impressions referred to above. Occasional beds of 

angular conglomerate, like the ordinary Panjal conglomerate, are 
met with. 

Between Kollur and Dowhat the same series apparently con¬ 

tinues, and some limestones again come in, but the section is in¬ 

terrupted by surface deposits in the valley between Kollur and 
Dowhat. 

S.E. of Dowhat and Lur, but on the opposite (Eishmakam) side 

of the rivtr, and a little north of a rough bridge, a little jungle- 
clad precipitous spur descending to the river bank shows a section 

some 160-200 ft. thick, dii)ping 50° N. by E. and composed of very 

black, carbonac-eous shales characterised throughout by being full of 
Fenestellae. The lowest bed exposed, (1) 6-9-08, contains also nu¬ 
merous large specimens of Prodwtus with very long marginal spines 

spreading out moustache-fashion (cf. undiitm). Above this follows 
(4) 13-9-08, containing among other things a portion of a trilobite, 
(Phillifsia). A large thickness of shales very rich in fenestellae 

(3) 13-9-08, succeed, being particularly well exposed up a steep path 
leading along the side of a torrent bed. In these were found also 
Protoreteporaj a few corals, Strophalosia sp. and a Spirifer cf. tri- 
anguiarisy Mart, In the more sandy layer of shales immediately 

above this and underlying a glassy quartzite (the top of the section) 
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are some large specimens of (?) Dielasma, Prodwtus sp. and some 

fairly well preserved examples of Spirifer cl. triangularis. 

Among these beds the universal presence of Fenestellae, the 

trilobite, and the forms identified as Spirifer cf. triangularis^ Stro- 
phalosia sp. and Productus cf. andatus, mark it down as the locality 

near or north of Eishmakam whence the fossils described by Diener 

have been derived, a conclusion borne out by a comparison of 

Diener’s type-specimens and containing rock, preserved in the Geo¬ 

logical Survey collections, with those found by me. It is certain 
that this horizon is considerably higher than the one 1 have de¬ 

scribed close behind Eishinakiim town, and I think it is almost 

equally certain that it is not the equivalent of the Protoretepora 

shales of other localities but probably a much lower horizon. 

What follows immediately above this is not vet known in the 

above section, but again on the o})posite (Loor) side of the valley 

to the N.E. of Loor, slates with angular conglomerate of Panjal 

type speedily set in, and then follows an enormous thickness 

of massive Panjal traps to beyond Ganeabal, which lies a little 
way below the junction of the west and cast branches of the Lidar 

The whole of the section thus briefly sketched between Wallar- 

hama and Loor would repay detailed examination on another oc¬ 

casion, inasmuch as, although Lydekker’s theory of a set of re¬ 
peated isoclinal folds of the shales, quartzites and limestones among 

an older Panjal slate series is still a not impossible way of reading 

the section, it has had very grave doubt cast on it by this dis¬ 

covery of a characteristic Lower Carboniferous fauna from the 

Eishmakam beds, which beds in all points possess a strong resem¬ 
blance to those found in noimal succession below the Permian in 

Spiti. That Mr. Hayden anticipated this reading of the section is 

seen from the following extracts from his Spiti memoir :— 

“Judging from the manner in which the younger palfeozoic beds 
thicken out again in Upper Spiti, it is probable that they will be 

found also to the north, in the valley of the Upper Chandra river 

in Lahaul and in Kashmir. In fact a great area has been mapped 
by Mr. Lydekker in that area as Tanjal,’ but from his descrip¬ 

tions of that system, it is possible that it may include a consider¬ 

able part of the shale and quartzite series now known to be most 
probably of upper carboniferous age” {Mem. GeoL Surv. Ind»i 

Vol. XXXVI, pt. 1, p. 57). 
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Also again (p. 58) :— 
“It seems possible, however, that lower carboniferous limestones 

may occur in Kashmir, for certain sections described by Lydekker, 
in which slates and quartzites arc found over-lying limestones, dis¬ 
tinctly recall the carboniferous beds of lower Spiti; in most cases, 
however, Lydekker looks upon the slates and quartzites as members 
of his Panjal system and consequently assumes that the section 
is inverted, and that the limestone belongs to his ‘ Supra-Kuling ’ 
series.” 

With reference to the above suggestions as to what is probably 
the true order of sequence up the Lidar valley, it must not be sup¬ 
posed that 1 am venturing (after a brief acquaintance only with 
the neighbourhood) to correct an elaborate piece of mapping by 
Mr. Lydekker. Detailed field-work, sufficiently close to produce 
such a result on the merits of individual sections, was naturally out 
of the question with the small-scale map then—and even now--- 
available, and in the time that Lydekker could devote to any one part 
of Kashmir. His map and section of this part were therefore 
merely an “interpretation” of the structure according to the data 
then available. The modified reading of the section suggested 1^ 
me is also only an interpretation in the main, though based on 
later work and fuller knowledge of neighbouring regions. 1 quite 
recognise that its final acceptance must wait until further field-work 
done on the spot with better maps (if possible) has proved it to 
hold good at each separate point over the area. 

3.—Pailgam. 

Near Pailgam, where the river bifurcates, tlie upper surface of 
the highly inclined, massive Panjal trapj descends in steep dip-slopes 
to near the level of the river, and carries above it representatives 
of the Zewan limestones and micaceous shales, whicli latter pass up¬ 
wards, as in the (Tiiryul, Mandakpal and other sections into Trias 
and higher beds. 

But, unfortunately for close geological work in this locality, the 
two river courses run nearly along the Zewan horizon for some dis¬ 
tance, and thick alluvial gravel terraces cover everything below. On 
many of the lower slopes also a mantle of surface soil and dense 
pine forest similarly hides a large portion of the solid geology. The 
following fragmentary sections give the substance of my observations. 
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On the left bank of the east stream below Pailgam village the 

undulating ground used as a camping-ground for visitors leaves no 

rock exposed except in stray blocks. But at the N.W. extremity 

of the hill-spur N.E. of Pailgam and a little beyond the bridge 
above the town, thi usual Permian dark sandv shales come down 

to the river’s edge, dipping S.W. by W. at 30®. The rocks have 
been cleaved, and the fossil contents, chiefly Productus semireticu- 

latusy have been considerably distorted and sometimes drawn out to 

two or three times their proper length (1) 8-9-08. The rock facies 

is typically like that of the Vihi district and quite unlike any of 
the exposures seen at Eishmakflm and at intermediate places on the 

way to Pailgam. A continuation of these is found across the river, 

but exposures are very poor. 

Up the west Lidar valley no characteristic exposures are found 

on the left bank until beyond Moondlan, when the same shales, 

with limestones above, appear as the whole series cross the river 

preparatory to a rapid change of strike. No fossils were found 
as far as examined by me up to one mile south of Aro, but on the 

right bank at a point about 2 miles N.W. of Pailgam and near 

the first bridge, there were found traces of fossils in roughly cleaved 
sandy shales. Nothing definite, however, was obtained except one 

little globose, ammonite Nannites (?) (3) 10-9-08, and a rude shape 

suggestive of a Productus (4) 10-9-08. 

Coming behind these beds in the vicinity of Mamal village we 

have ochre-coloured limestones with vague impressions of fossils, 

and some purple slates down to the Panjal traps. These beds are 

probably equivalents of the lower part of the Zewan stage, but no 

fossils were found. 
Traverses over the Supra-Kuling limestones which rise into the 

steep ridge lying in the fork of the two river branches showed 

nothing definite on account of poor sections and much soil and for¬ 

est, but near the top of the zig-zag bridle road which climbs this 

spur from Pailgam on its S.E. side, there were beds with corals 
andcrinoids, etc., appearing on weathered surfaces, also a grey shaley 

band, roughly cleaved and with black lumps here and. there, some 

of which can be seen to be cephalopoda by their sutures (0) 11-9-08. 

At another place on the lower part of this hill after descending to 
near Moondlan I found some nearly black sandy shales weathering 

into soft clay with lumps of harder stuff. In the associated harder 

sandy shales I got one portion of a large ammonite, Qymniies{'i) 
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(1) 11-9-08, and lower down an Athyris sp. (2) 11-9-08. These 

rocks may be near (B) 6-8-08 of the Guryul ravine section, i.e., 
Muschelkalk. 

The country generally at this junction does not lend itself 
to ready examination owing to the causes T have enumerated before, 

and to the steep slopes deeply dissected by torrent beds. At the 

time of my visit also constant rain had converted all the tracks 
into quagmires, which together with the baffling forest made all 
traverses very arduous. 

Nevertheless, sufficient was seen to point to the sections of 
Lydekker’s Ruling and Supra-Ruling beds here being practically 

identical with those of the Carbon-Trias surrounding the Vihi 

plain, and essentially different from those already described at lower 

points on the Lidar. 

LIST OF PLATES. 

PI, 26.—Anticline in Panjals, Head of Golabgarh valley. 
Pi. 27.—Gondwanas and Permo-Carboniferous syncline, Golabgarh 

Pass. 

PI. 28.—Section of ditto. 

PI. 29.—View looking N. up Guryul Ravine from west Rhunmu. 

Pi. 30.—Section, Gurvul Ravine and E. of it. 
PL 31.—Plan of Vihi district, showing localities referred to in text. 

PL 32—Fig. 1.—Outcrops near Upper Mandakpal, looking E. 

Fig. 2.—Section of ditto. 

PL 33.—Fig. 1.—Section of spur 2 miles N. of Barus. 

Fig. 2.— Ditto at Barus. 
Fig. 3.— Ditto at Eishmakum. 

PL 34.—Comparative vertical sections of Golabgarh Pass and 

Vihi district. 

Woodcuts in Text. 

Fig. 1.—Muschelkalk Spur N.N.E. of Rhunmu. 

Fig. 2.—Spur S.W. of Lower Mandakpal. 
Fig. 3.—Plan of Eishmakdm Hill. 

Fig. 4,—Profile view of ditto. 
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MISCELLAtSEOUS NOTES. 

Thermal Springs in the Rajmahal Hills. 

Notice f)f the occurrence of a thermal spring, not hitherto recorded, has 

been received from Mr. A. S. Pereira, Manager of the Mahespur Court of 

Wards Estate, who states that the spring is situated in a Santhali village 

named Sidpur, in Pargana Bultauabad of the Sonthal Parganas, at about 

a mile to the south of the P(^lice station of Pakuria, approximately in 

latitude 24° 30' and longitude 87° 45'. There is said to be a continuous flow 

from the spring, the water of which is warm and strongly sulphurous anfl is 

employed by the Sonthals both for medical and agricultural purposes. 

The occurrence of numerous springs in this area was recorded by the late 

Dr. V, Ball [Mem., XIII, 157 (I877)J, but mont of those were merely 

tepid. In the list of Thermal Springs of India, compiled by the late Dr. T. 

Oldham [Mem., G.S.I., XIX, pt. 2 (1882)j, “ a very copious outbreak of 

warm water” is said to occur at Jerwapani (?=Surwapani of Atlas sheet 

113) near Gopikaiidur = Gopikunoor). The Sidpur spring, now recorded, 

would lie at about 12 or 13 miles to the north-east of this spring. 

| H. H. Hayden.J 
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Part 2.] Dunstan: Laterites from the Central Provinces. 219 

Hall, Niagara Falls, United States of America, English Patent 
14572, 14th August 1900. In this process the bauxite is mixed 
with a small proportion of carbon and is then calcined. Sufficient 
carbon is afterwards added to bring the proportion up to 8 or 
10 per cent.; a quantity of aluminium powder is also added 
in stated proportion to the ferric oxide, silica and titanic acid 
present in the ore. The mixture is charged into an electric 
furnace and kept at an intense heat for a considerable time in 
order that the impurities (iron, silica and titanium) may be re¬ 
duced and form an alloy with a small proportion of aluminium, 
which, sinking to the bottom, can be removed. 

In a second patent (C. M. Hall, Niagara Falls, U.S.A.-, Eng. 
Pat. 2260, January 28th, 1902) aluminium is not employed, but 
if the bauxite is deficient in ferric oxide, sufficient iron is added 
to alloy with the silicon and titanium. The mixture is heated 
below the point of fusion, allowed to cool, and the partially puri¬ 
fied alumina broken and reheated till it fuses. The two opera- ' 
tions are conducted simultaneously in one furnace consisting of 
an inner and an outer chamber. The process was reported to 
have been carried out successfully with a current of 7,200 amperes 
at 60 volts. 

A similar process (French Patent 344549, July 4th, 1904) has 
been adopted by the Societc Anon. Elcctro-Metallurgiquc in which 
purer alumina is obtained as a bye-product in the manufacture of 
ferro-chromium by utilising bauxite as a flux in place of lime. The 
slag so obtained is said to consist of nearly pure alumina. 

Commercial Valuation. 

Specimens of the laterites, with the results of their analysis, 
were submitted to commercial experts, who reported that the 
mineral in general is of satisfactory quality for the manufacture 
of aluminous compounds such as sulphate of aluminium, alum, 
etc. It was stated however that such material could not be sold 
in this country at a price which would be remunerative after 
paying freight, unless very low rates could be obtained. Sample 
No. 3 was said to be the most suitable quality for the manu- 
iacture of aluminous compounds. 

The value of bauxite suitable for the manufacture of alumin¬ 
ous compounds is about 22s. to 23s. per ton delivered to United 
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Kingdom ports. The price obtainable for manufactured alumina 

in this country varies from £12 to £38 per ton, depending on its 

purity and to some extent on its physical condition. 

Conclusions. 
These reports confirm Sir Thomas Holland’s opinion expressed 

in paragraph 5 of his letter No. 395 of the 25th January 1906 
that “ in any case the low value of bauxite -at" European and 

American portsAvould not cover the cost of milling arid transport 

to Europe from any part of India removed from the coast.’* 

There appears however to be no great obstacle to the adoption 

of Bayer’s process for extracting alumina in India, and, as the 

above quotation shows, the manufactured product if of good quality 

would probably fetch a price which would be remunerative to ex¬ 

porters. The waste of alkali should be small with laterites of a 
quality equal to the present samples, and the only other necessary 

material would be lime for reconverting the sodium carbonate 

into caustic soda. 

Much more might.be said on the general subject, and as to 

the details of the processes which might be employed. This how¬ 

ever is unnecessary at this stage since it is clear from the facts 

now presented that the utilisation of laterites in India presents a 

favourable field for industrial enterprise. 












